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CHAPTER 1 
1. GENERAL INTRODUCTION AND AIMS OF THE INVESTIGATION 
This dissertation is based on the premise that improved control of 
bacterial plaque deposits on teeth in humans is both necessary to 
maintain oral health and, to the individual, socially desirable. 
Several investigations have shown that mechanical means, in 
practice, are insufficient to suppress bacterial plaque formation 
effectively. The research presented in this dissertation was 
therefore aimed at investigating the efficacy of chemical 
antiplaque agents to act against bacterial overgrowth to the 
extent that gingival health can be achieved and sustained. 
Although not specifically included in the investigation, it 
is assumed that maintenance of low levels of gingivitis will 
reduce the potential of the local site specific environment 
to cause periodontal breakdown as demonstrated in studies by 
Lindhe and Nyman (1975), Axelsson and Lindhe (1978). The 
epidemiology of periodontal disease related factors, 
particularly that of dental plaque is briefly reviewed 
together with the use of mechanical methods of plaque 
removal and efficacy of dentifrices containing chemical 
agents aimed at improving plaque control. 
1.1 The relationship between plaque and periodontal disease 
In the absence of any oral hygiene measures or professional 
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dental intervention, the dentition becomes largely covered 
with bacterial plaque deposits; consequently gingivitis 
develops within several days (Loe et al 1965) and the risk 
of differential bacterial growth, selection of periodontal 
pathogenic inicrorganisms,and manifest periodontitis 
gradually increases. The importance of oral hygiene has 
been known for centuries, although the role of plaque as the 
major etiological factor in gingivitis was not recognised 
until Loe et al (1965) convincingly demonstrated the 
relationship in the first experimental gingivitis model 
study. Hitherto, gingivitis was believed to be associated 
with a range of disorders including malocclusion and 
systemic disease (Korman 1986). The introduction of indices 
to describe the severity of the disease, increased the 
sensitivity of assessments and enabled Loe and co-workers at 
Aarhus to undertake their cntcal investigations in the 
first experimental gingivitis study (Lindhe 1989). The 
investigating team (Theilade et al 1967) arranged 
professional prophylaxis for a small group of dental 
students and trained them to acquire an excellent personal 
toothcleaning regime to enable them to achieve gingival 
health. After this, at day 0, all toothcleaning procedures 
were withdrawn and the plaque and gingival condition 
assessed at frequent intervals over the following 21 days. 
On average, plaque accumulation started almost immediately, 
and rapidly increased before reaching a plateau after 
approximately 5 days. Clinical gingivitis (Gingival Index 
score = 1) developed more slowly, reaching a peak at 
approximately 15 days. Reinstatement of good toothbrushing 
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was accompanied by a rapid return to a plaque-free dentition 
and, within 5 days, a gingival condition which was 
classified as healthy. However, even in this 1967 study 
students varied considerably in the severity of gingivitis 
and the rate of gingivitis development; suggesting that 
gingival inflammation was modulated by factors other than 
plaque per se. The individual host response (Lindhe 1989) 
may be a significant factor influencing an individual's 
response to a given quantity of plaque loading or challenge. 
The early colonising microorganisms on the tooth surface are 
predominantly Gram-positive cocci. Within a few days Gram-
positive rods increase proportionally (Syed and Loesche 
1978) and as the plaque further matures the complexity of 
the plaque flora increases (Moore el al 1982), although a 
different pattern may be observed between individuals and at 
different sites within any one individuals mouth. However, 
a general trend has been observed in many investigations: 
whatever methods were used to assess plaque and gingival 
health, on average, the greater the mass of plaque at the 
gingival margin, the greater the severity of gingivitis over 
a constant period of time. The corollary of this must be 
also true; to improve gingival health, the levels of plaque 
must be reduced to amounts compatible with the immunological 
tolerance of the individual to plaque challenge. Although 
this will vary, from individual to individual as evidenced 
by Loe et al (1965), the epidemiological data indicate that 
on a population basis, these thresholds are presently far 
from being reached. 
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Anerud et al (1979) studying the natural history of 
periodontal disease observed a population of Sri Lankan tea 
plantation workers over a number of years. Although many 
other social and health conditions differed markedly from 
those of most of the developed world, the absence of oral 
hygiene was believed to be an important factor contributing 
to the poor oral health of this population. Visible plaque 
was present on over 90% of all teeth and gingival bleeding 
was found in more than 90% of gingival units examined. In 
the same survey, a group of academicians and students from 
Norway were assessed by the same investigators. In contrast 
to the Sri Lanka group, the Scandinavian group who regularly 
performed oral hygiene had considerably cleaner teeth and 
less gingivitis. These observations led to the conclusions 
(Loe et al 1978a, Anerud et al 1979) that the superior oral 
status of the Norwegian group was largely a result of active 
oral hygiene practices, particularly that of toothbrushing. 
In this group the progression of periodontitis was minimal, 
as 73% of all surfaces exhibited < 1 mm loss of attachment 
in adults >30 yrs of age. However, the data also showed that 
even with regular oral hygiene measures approximately 40% of 
tooth surfaces had visible plaque, indicating that even with 
systematic dental care (including oral hygiene instruction) 
from early childhood (Loe et al 1978) individuals achieve 
only modest plaque control. Indirect evidence from the US 
and global epidemiology data support this view. Brown et al 
(1989) reporting on an in depth Dental survey of US 
households found only 15% of the population over 19 years of 
age were free of gingivitis and periodontitis. At least 50% 
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of all teeth were associated with gingivitis. Similar 
observations were reported by Miller et al (1987) who found 
approximately 45% of adults had gingivitis and over 80% 
exhibited calculus. The high prevalence of periodontal 
neglect is not confined to the US and can be seen from the 
W.H.O global data bank with its CPITN data collected from 
over 35 countries (Pilot et al 1986,1987). Gingival 
bleeding, calculus and shallow periodontal pockets are the 
most frequently observed conditions in 35-44 year old adults 
and 15-19 year old adolescents. A similar finding for 
adolescents was reported by Cutress (1986) who observed a 
high degree of plaque associated gingivitis; healthy 
individuals were less than 10% of the populations surveyed. 
The above review of population data leads to the view that 
in the absence of oral hygiene measures, plaque accumulation 
becomes so massive that gingivitis is widespread (Stamm 
1986) and the dental health of the population is endangered. 
In societies of the developed world oral hygiene measures, 
usually toothbrushing, are routinely performed resulting in 
better oral status in the form of lower amounts of debris 
and periodontal disease. However, the same data indicate 
that even when toothbrushing is part of everyday routine, 
the degree of plaque control attainable by the majority of 
people is only marginally sufficient to support an 
acceptable level of gingival health. 
1.2 Mechanical cleaning 
Several studies have demonstrated that in both children 
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(Axelsson and Lindhe 1975) and adults (Axelsson et al 1978) 
plaque control can be considerably improved by mechanical 
oral hygiene measures to the extent that gingivitis is 
almost eliminated. The major elements in the programme 
appear to be the frequent reinforcement of an oral hygiene 
regime, the interpersonal relationships and the skills of 
the oral hygiene instructors. Axelsson et al (1976) 
investigating any additional benefits from a chemical 
antiplaque adjunct to mechanical cleaning for children 
instigated a bi-weekly oral hygiene instruction programme 
during a period of three years. The mean numbers of sites 
exhibiting plaque at the gingival margin in the non-chemical 
agent groups were reduced from 68 at baseline to 3 0 after 
three years, and the mean numbers of inflamed units were 
reduced from 23 to 5 per mouth. The authors emphasised the 
key role of the nurses providing the instruction on oral 
hygiene measures. Although the above studies reflect the 
high degree of success of mechanical cleaning, it is clear 
that a high degree of patient motivation and frequent 
reinforcement of cleaning procedures is necessary to achieve 
this goal. The relative failure of other studies 
investigating various aspects of toothcleaning regimes to 
achieve such spectacular results as the Swedish study 
suggests that some primary elements were absent, and that 
the study group was insufficiently motivated towards 
compliance with the oral health programme (Wilson 1987) . 
For instance, Lovdal et al (1961) and Suomi et al (1971) 
showed that oral hygiene instruction, even when combined 
with twice yearly subgingival scaling, improved gingival 
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health but not to the extent demonstrated by Axelsson et al 
(1976) and Axelsson and Lindhe (1978). To achieve effective 
toothcleaning, Koch and Lindhe (1965) resorted to a daily 
supervised regime. The benefit from a single session of 
oral hygiene instruction appears to be particularly 
ineffective in achieving long term plaque control. Masslet 
(1957) observed only a small improvement and Ash (1964) 
although finding a significant improvement over the first 7 
days could not find any benefit after 3 months. Tan and 
Saxton (1978) investigating the individual contributions of 
OHI and prophylaxis concluded that both were necessary if a 
successful regime was to be established. Even in that study 
the effect of the combined professional toothcleaning and 
OHI was small. 
The effect of professional cleaning appears to be only 
transient unless undertaken at frequent intervals (Axelsson 
and Lindhe 1978). Belling et al (1981) in a 4 year study of 
children in Brazil performed toothscaling and polishing 
monthly for 4 years. After all this treatment, 80% of the 
tooth surfaces still continued to be plaque bearing. 
Glavmd (1977) followed two groups of adults for 1 year, 
providing professional toothcleaning monthly to one group. 
Both groups achieved excellent plaque control, indicating, 
in this study at least, that the professional toothcleaning 
procedure was not the key factor in achieving good plaque 
control. Such data demonstrated that subjects can become 
highly motivated towards improved oral care by participating 
in an investigation in which frequent inspections of the 
17 
plaque status take place. The monthly assessments may 
increase and maintain the patients' awareness of plaque and 
its control and may encourage a change in toothbrushing 
regime. This 'Hawthorne' effect (Roethlisberger and Dickson 
1939), as a result of repeated professional interference at 
intervals, might be expected to be enhanced if the intervals 
were even shorter. Poulsen et al (1976) scaled and polished 
the teeth of children every 2 weeks for 1 year. Although 
plaque levels were reduced, little reduction in gingivitis 
occurred. A 2-year study by Agerbaek et al (1977), in which 
professional cleaning was performed every 2-3 weeks to one 
group of children showed an overall improvement in oral 
status for both groups, but little added benefit provided by 
frequent professional intervention. 
1.3 Oral hygiene aids 
The effectiveness of mechanical cleaning in achieving good 
plaque control and attaining and maintaining gingival health 
is dependent on the resource required to administer the 
professional assistance so clearly necessary for patients to 
reach this goal. The data from these studies identify major 
roles for those of a good toothcleaning regime and high 
patient motivation. Without effective application of both, 
programmes designed to achieve and stabilise gingival health 
will not be optimal, leading at best to merely an improved 
condition. 
1Θ 
A large number of factors influence behaviour and attitudes 
of people with regard to oral health, such as culture, diet, 
disposable income, education levels, professional services 
and level of media advertising. Individual behaviour such 
as smoking habits, and attitudes towards personal care 
(Glavind 1986) would be superimposed on these population 
factors, together with individual characteristics such as 
manual dexterity (Kenney et al 1976), oral physiology and 
ecology. 
1.3.1 Toothbrushing 
The dental literature contains many reports on the 
effectiveness of different brush designs and manual or 
electric brushes. Strahan et al (1977) concluded that there 
was an absence of clear evidence to support any particular 
design. Although some differences in clinical efficacy have 
been reported (Reuger et al 1986), most multituft brushes 
have the potential to be effective and safe (Pader 1988) . 
It is how the toothbrush is used that is so critical in 
plague control, rather than its design. 
Brushing frequency and brushing time are obviously important 
factors in the efficiency of any oral hygiene programme. 
Several studies have shown that the majority of individuals 
who claim to brush more than once a day have lower amounts 
of plaque than people brushing once daily (Ainamo and 
Parvianon 1979). Increasing brushing frequency beyond twice 
daily does not appear to significantly improve toothcleaning 
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(Berenie et al 1973). In the absence of oral hygiene 
instruction, the toothbrushing regime adopted by individuals 
in most societies is of short duration. Average brushing 
times of 35-40 seconds have been reported (Rugg-Gunn and 
Macgregor 1978, van der Ouderaa 1991), with a high 
proportion brushing for less than 20 seconds. Kleber et al 
(1981) investigating brushing habits of 10- to 16- year-old 
children observed a mean brushing time of 50 sec during 
which less than 20% of the group brushed their lingual 
surfaces in contrast to 88% of the children who brushed 
their buccal surfaces. Even with a high degree of dexterity 
and personal interest it is unlikely that adequate cleaning 
of all regions of the dentition could be achieved with such 
a short duration of brushing. 
1.3.2 Other mechanical cleaning aids 
Use of aids for interdental cleaning, such as floss, has 
been reviewed by Pader (1988). The frequency and extent of 
floss use is extremely variable both within and between 
different communities, with female adults having a greater 
tendency (20%) to use it than males (Chen and Robinson 
1982). Interproximal areas are least accessible to 
toothbrushing (eg Hugoson and Koch 1979) and flossing has 
been advocated as an aid to cleaning these regions 
(Bergenholtz and Britton 1980) . 
Although it is generally accepted that flossing increases 
the effectiveness of oral hygiene regimes, evidence in 
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support of the use of floss in respect to gingival health is 
conflicting. The ambivalence of the evidence appears to be 
related to the initial gingival status of the subjects 
participating in the studies. Bergenholtz et al (1974), 
Bergenholtz and Britton (1980), Lamberts et al (1982) and 
Vogel et al (1975) failed to demonstrate benefits for the 
use of floss in subjects who only suffered from mild 
gingivitis, although in some studies plague was reduced. In 
contrast, when gingival inflammation was severe, 
improvements in gingival health could be obtained by using 
floss, although the extent of improvement depended on 
whether the flossing was self-applied or professionally 
administered. 
In a 14-day study by Finklestein and Grossman (1979) 
subjects had one half of their mouths flossed daily by a 
hygiënist. Inflammation of the flossed areas was reduced by 
45% compared with the unflossed control parts of the mouth. 
When subjects in another study by Lobene et al (1982) used 
floss after intensive instruction, a significant 20% 
improvement in gingival health was observed over eight 
weeks. These studies may suggest that flossing fails to 
improve situations where oral hygiene and gingival health is 
already good, but, if properly carried out, it would benefit 
subjects whose oral hygiene is unsatisfactory. The problem 
however, is that those who do not brush properly are 
unlikely to master the much more difficult flossing 
technique. For these people, the solution could be a 
chemical antiplaque agent. 
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1.3.3 Dentifrices 
The dentifrice, in addition to the toothbrush, forms an 
integral part of most oral hygiene regimes and it is 
appropriate to consider the role of this aid in plaque 
control. De la Rosa et al (1979) examined plaque regrowth 
for 28 days following prophylaxis. For the first 14 days no 
dentifrice was used. At this stage some participants brushed 
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with a dentifrice and others brushed with water. During the 
first 14 days brushing removed only 4 0% of plaque at any one 
brushing, the residual plaque providing a source of bacteria 
to promote plaque regrowth From day 14, plaque regrowth 
after brushing was assessed over periods of 24 hours The 
group using the dentifrice formed significantly less plaque 
than the participants brushing with water, indicating that 
some components of the dentifrice were capable of reducing 
plaque formation. The antiplaque activity of commercially 
available fluoride dentifrices, relative to water, was 
confirmed by Stean and Forward (1980) who observed, 
following a single toothbrushmg, differences of >45% 
between the brushing procedures. The effect of dentifrices 
on plaque regrowth m the short term, is almost certainly 
due to the presence of surfactant (Jenkins et al 1989, Addy 
et al 1990), a common dentifrice excipient. Almost all 
dentifrices which are widely available contain a surfactant, 
yet the general level of plaque and gingivitis remains high 
Thus, the present status of oral hygiene seen m the general 
population is already the result of using dentifrices 
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containing a surfactant. Thus, the inhibitory effect of 
conventional fluride dentifrices, due to the surfactant, is 
not sufficient when in considering toothcleaning regimes 
aimed at further improving plaque control. Suffice it to 
state that, in the absence of this excipient, even greater 
amounts of plaque may form between toothbrushings. 
Similarly, the question of plaque removal by dentifrices has 
little practical relevance, since most individuals use a 
dentifrice during toothbrushing. However, investigators 
(Baderston et al 1972, Wong Lee 1974, Rustogi et al 1984) 
have shown conflicting findings in this respect. It would 
appear that initially brushing with a dentifrice removes 
more plaque than brushing with water. However, over 
prolonged periods the advantages of the dentifrice, in 
respect to plaque removal, decline (Wong-Lee 1974) . De la 
Rosa et al (1979) could not detect any significant 
difference in plaque scores after toothbrushing between two 
groups following 14 days brushing with and without a 
dentifrice. Moreover, Pader (1988) states that the 
deplaqueing effect is minimal at most. The role of 
dentifrice abrasivity on plaque removal has been 
investigated, but the findings are conflicting. Baderstein 
et al (1972) concluded that abrasivity is a significant 
factor in plaque removal, after comparing water and 
dentifrice use, but that the difference was unlikely to have 
clinical significance. A similar view was held by Saxton 
and Muir (1973) after demonstrating a small positive 
influence in favour of a commercially available dentifrice 
compared to a non-abrasive one. In contrast, "other 
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investigations have failed to demonstrate any relationship 
between plaque removal and dentifrice abrasivity (Toto & 
Repp 1972, Wong-Lee 1974, Lamb et al 1984, Murray and Shaw 
1980). 
1.3.4 Dentifrices with therapeutic agents against plague and 
gingivitis 
The data reviewed above, concerning the role of mechanical 
cleaning in the control of supragingival plaque and 
gingivitis, support the view that although such regimes are 
potentially useful in achieving this goal, the expectation 
that each individual will maintain a good standard appears 
to be beyond most people's capabilities to sustain the 
effort required. Moreover,only a minority of the population 
is as yet sufficiently motivated to prevent disease (Wilson 
1987). Given the aim of improving supragingival plaque 
control as a means to remove the main cause of gingivitis 
(Loe et al 1965) there is a clear rationale for the use of 
antiplaque agents to supplement the incomplete effect of 
mechanical methods (reviews by Ainamo 1980, Hull 1980, Lang 
1980, Kornmann 1986, Mandel 1986). The remainder of this 
brief review is based on the premise that the treatment 
should be applicable by everybody, and used in unsupervised 
or controlled conditions without professional intervention. 
Van der Ouderaa (1991) suggested six basic requirements for 
the successful delivery vehicle of antiplaque agents and a 
further six for the agents themselves The requirements of 
a delivery system included 1) stability of the product,2) 
24 
optimal bioavailability of the antiplaque agents,3) 
simplicity of use to maximise compliance, 4) freedom from 
adverse reactions and 5) conformity with legislative 
requirements. Requirement 6 related to the cost-benefit 
ratio of the treament or system to be made avaiable, since 
an expensive oral hygiene aid providing a marginal health 
benefit is unlikely to gain widespread acceptance. Although 
all these requirements can be satisfactorily fulfilled in a 
wide range of oral delivery systems for the topical 
application of the agent (e.g dentifrices, mouthrinses, 
gels, chewing gum),the selection of the dentifrice for the 
control of plaque and gingivitis appears to be the most 
appropriate option. It already forms part of the daily 
brushing ritual practised by most people in the developed 
world, suggesting the potential for good acceptance and 
compliance. The widespread use of fluoride in dentifrices, 
and the decline of caries prevalence, demonstrates that 
therapeutic agents can be successfully incorporated into 
dentifrice formulations, and no extra effort is required by 
the user. 
1.3.4.1 Active ingredients in Dentifrices with 
antiplaaue/antiqinqivitis activity 
Opportunities for introducing new therapeutic agents, other 
than fluoride, to assist in controlling plaque biomass have 
been considered and a large number of chemotherapeutic 
agents have been investigated for the control of 
supragingival plaque (Hull 1980, Lang 1980, Kornmann 1986, 
Addy 1988, van der Ouderaa 1991) . From the extensive studies 
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of Chlorhexidine and other antimicrobial agents in dentistry 
(Fardai and Turnbull 1986), it has become clear that the 
substantive nature and rate of release from oral surfaces of 
the agents are critical determinants of antiplaque activity 
(Guermo 1989). Unfortunately, many of the agents used are 
cationic and are inactivated in dentifrice formulations 
(Haugen et al 1974, Garcia-Godoy 1989). Types of agents 
which have been used in dentifrices include: bisbiguanides, 
plant extracts, quaternary ammonium compounds, enzymes and 
metal salts (Marsh 1991) . The clinical effects of such 
antiplaque dentifrices are generally moderate. 
1.3.4.2 Chlorhexidine 
The supreme efficacy of this cationic germicide against 
plaque and calculus formation was first investigated in 
studies by Loe and co-workers (1970) m which the clinical 
potential to maintain gingival health was established. 
Using the 21-day experimental gingivitis model, Loe 
demonstrated that a 0.2% solution of the agent completely 
prevented plaque accumulation and the development of 
gingivitis. Many studies have since been undertaken 
confirming its high efficacy in solutions However, on the 
negative side, adverse reactions (desquamation) and loss of 
taste have been noted and discolourations of teeth, soft 
tissues and restorations are a common complaint (Fardai and 
Turnbull 1986, Kornmann 1986, Сцегто 1989) 
The scientific interest evoked by the efficacy of 
Chlorhexidine in simple solutions prompted investigations 
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into other forms of delivery vehicles, including gels and 
dentifrices. Gels containing Chlorhexidine have been 
commercially available for several years, but the lack of 
abrasives and detergents in such formulations makes them 
poor alternatives to conventional toothpastes for most 
people. One possible advantage of including Chlorhexidine 
in a dentifrice is that the abrasives would control the 
unsightly toothstaining caused by the agent (Enkson & 
Gjermo 1973) . 
From the few studies m which Chlorhexidine has been 
incorporated in more or less "fully formulated" dentifrices, 
the overall view appears to be that such dentifrices have 
met with limited success (Kornman 1986). Gjermo and Rolla 
(1970,1971) were probably the first to investigate their 
potential, but they had removed the anionic surfactants and 
substituted plastic particles for conventional abrasives, in 
order to avoid interactions with the Chlorhexidine in their 
formulations. Dolles et al (1979a) reported reduced 
availability of Chlorhexidine when it was incorporated into 
a test dentifrice, and in a short-term study Etemadzedeh et. 
al (1985) found that the antiplaque activity of a 
Chlorhexidine dentifrice was less than that of a 
Chlorhexidine gel, although the level of the agent was 
similar in each of the two delivery systems. 
Long term studies which have included the assessment of 
plaque and gingivitis have been unimpressive, with neither 
plaque levels nor gingival health being significantly 
improved by the test dentifrice (Johansen et al 1975, Dolles 
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and G]ermo 1980). Furthermore, the presence of plastic 
particles as abrasive was largely ineffective in preventing 
toothstaining (Dolles, et al 1979b), as a large proportion 
of the participants developed severely discoloured teeth. 
The reduced activity of Chlorhexidine in dentifrices has 
been attributed to inactivation or competition for oral 
retention sites by such dentifrice excipients as anionic 
detergent and calcium ions respectively, commonly found in 
dentifrice formulations (Gjermo and Rolla 1971, Haugen et al 
1974, G^ermo 1989) . This view is supported by a 4 week 
study of a 0.8% Chlorhexidine dentifrice (Saxton 1976). 
Although not stated m the original report neither the test 
nor the control dentifrice contained detergent or flavour. 
Significant differences between test and control groups were 
observed for both plaque and gingival bleeding. 
From the Chlorhexidine dentifrtce studies to date, it can be 
concluded that attempts to develop a dentifrice which can 
sustain adequate clinical activity, avoiding the high 
concentrations that affect taste sensations have been 
unsuccessful. 
1.3 4 3 Sanguinaria 
Sanguinaria is a benzophenanthndm alkaloid extracted from 
the bloodroot plant, Sanguinarme canadensis. The purified 
extract, an orange powder, contains 30-35% sanguinaria 
(Southard et al 1984). The usual route of delivery is as a 
mouthrinse. The commercial formulation contains two active 
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agents, 0.03% sanguinaria and 0.2% zinc chloride. Plaque 
studies (Southard et al 1984) demonstrate modest antiplaque 
activity (approximately 20%) following 5 daily rinses; 
although on the other hand it is of interest that the 
placebo caused an increase in plaque of a similar magnitude. 
Sanguinaria is cationic and shows high retention in plaque 
relative to oral soft tissues with an advantage, from a 
clinical investigators point of view, of possessing natural 
fluorescence. 
Demonstration of antiplaque activity of the sanguinaria/zinc 
combination in oral rinses, prompted their incorporation 
into dentifrice formulations. Dentifrices containing 750 
ug/g sanguinaria and 2.0% zinc chloride appear to have 
limited efficacy. Schonfeld et al (1986) failed to 
demonstrate any significant antiplaque effect for the test 
dentifrice compared to the use of regular dentifrices, 
although any potential activity might have been masked by a 
considerable 'Hawthorne' effect (Roethisberger, Dickson 
1939) observed. Greater effects were demonstrated when a 
regime of both oral rinse and active dentifrice are used. 
This combination of oral hygiene aids, which presumably 
increases the delivered dose of the actives, relative to the 
use of only one system, is sufficient to reduce the 
accumulation of both plaque and gingivitis (Harper et al 
1990, Kopczyk et al 1991). In undertaking a study 
conforming to the guidelines issued by the Council on Dental 
Therapeutics of the American Dental Association (ADA), 
Kopczyk et al 1991 tested the combination of oral rinse and 
a silica based 'active' dentifrice over a period of 6 
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months. Although subjects were motivated and 
toothbrushing/rinsing techniques were reinforced at each 
monthly assessment, the effect of the test regime after 6 
months was to reduce both plaque and visible gingivitis 
levels by 18% and bleeding on probing by 40% respectively. 
Moreover, some undesirable side effects have been reported 
(Hankin et al 1961) . The relative contribution of 
sanguinaria and zinc in such long-term regimes is uncertain. 
Short-term antiplaque and gingivitis studies suggest that 
the presence of zinc accentuates the antiplaque activity of 
the plant extract. However, many studies (see review of 
zinc dentifrices in 1.3.4.4) have demonstrated a modest 
level of activity for zinc salts, even when used at 
relatively low concentration (0.5%). 
1.3.4.4 Metal salts 
Metal ions bind strongly to plaque components and therefore 
possess the substantivity required for successful antiplaque 
activity (Scheie 1989) . The ranking order of the metal ions 
in respect to antimicrobial activity are silver, copper, 
tin, zinc, aluminium, and the weakest of all iron (Oppermann 
et al 1980) . 
Stannous salts .-Stannous salts were been widely used in 
dentifrices for more than 20 years, predominantly in the 
form of stannous fluoride for the control of dental caries. 
Hanke (1940) had identified various metal salts, including 
stannous ions as having antimicrobial activity. However, it 
is clear from the many reports on the effect of using 
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stannous solutions that the stability of the ion is critical 
with respect to its antimicrobial activity (Mayhew and Brown 
1981, Tinanoff et al 1980, Camosci et al 1984). The 
stannous salts are the preferred form; since stannic salts 
have very little antimicrobial activity (Ferretti et al 
1982). Stannous ions will oxidise to form stannic, and thus 
the stability of the stannous salts is vital to maintaining 
an antiplaque system. Boyd et al (1988) demonstrated higher 
antiplaque activity of a stannous fluoride (0.4%) gel of 
high soluble stannous content compared to a 0.4% stannous 
fluoride gel of low concentration of free stannous ions 
available. By including stannous pyrophosphate, greater 
stability of the stannous ion is achieved (Svatun, Rolla 
1981) and antiplaque activity can be maintained (Svatun 
1978). A correlation between the concentration of stannous 
pyrophosphate and antiplaque activity was demonstrated 
(Svatun, Rolla 1981). A dentifrice containing only stannous 
fluoride (0.4%) reduced plaque by 10%, whereas stannous 
fluoride dentifrices, which in addition contained 0.5% or 
1.0% stannous pyrophosphate, exhibited plaque reductions of 
43% and 71% respectively. Since a 53% reduction in plaque 
was observed from 1.0% stannous pyrophosphate in the absence 
of the stannous fluoride, the authors concluded that the 
stannous ions from the pyrophosphate were responsible for 
the activity. Dentifrices containing both of these stannous 
salts have been investigated for their effects on gingivitis 
in juvenile subjects (Bay and Rolla 1980, Svatun 1981). 
Both one month studies demonstrated that the test dentifrice 
inhibited plaque accumulation by approximately 30% and 
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reduced gingivitis in the two studies by 19% and 30% 
respectively. These findings suggest that stannous salts m 
dentifrices can have modest antiplaque activity in short 
term studies. The long term stability and occurrence of 
side effects, such as those reported from stannous 
solutions, require further investigation. 
Zinc.-The potential of the zinc ion as a plaque inhibitor 
was first described by Hanke (1940) and confirmed in 
numerous short term clinical studies using aqueous solutions 
of various zinc salts (Skjorland et al 1978, Harrap et al 
1983, Addy et al 1989). Zinc, mainly in the form of zinc 
citrate, has been incorporated m dentifrices which are 
commercially available. The astnngency of the zinc at 
clinically active levels precludes the use of many zinc 
salts. The selection of the citrate salt, which is 
sparingly soluble in water but more soluble in dentifrices, 
permits the use of zinc at concentrations sufficient for 
antiplaque activity whilst maintaining a palatable 
dentifrice with reduced astnngency. 
The inhibition of overnight plaque growth by dentifrices 
containing zinc citrate was described by Saxton et al (1986) 
who observed approximately 25% reduction of plaque growth 
compared to control dentifrices. Greater effects were 
observed in people characterised as 'high plaque formers'. 
In this study the plaque assessment was limited to plaque at 
the gingival margin (Harrap 1974), the region of plaque 
directly associated with invoking an inflammatory soft 
tissue response. Addy et al (1983) also showed that 
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dentifrices diluted 1:4, and used as mouthrinses in a non-
brushing regime for 4-days were capable of inhibiting plaque 
accumulation and that the zinc containing dentifrice was 
(directionally) more effective than fluoride dentifrices. 
From such studies the level of antiplaque activity could be 
described as modest. The long term use of such a modest 
plaque inhibitor was investigated by Jones et al (1988) 
following a 3 year exposure during a caries study. The same 
protocol, used by Saxton et al (1986) to demonstrate the 
antiplaque activity in short term studies, was used to 
determine if the prolonged exposure to zinc had caused 
adaptation and reduced the susceptibility of the plaque 
flora to the antimicrobial activity of this metal ion. A 
42% difference in plaque growth between zinc and non-zinc 
groups was observed and the authors concluded that the 
antiplaque activity of the zinc dentifrice had not 
diminished. In an attempt to increase antiplaque activity 
(Pretara-Spanedda et al 1986, Pader 1988, Saxton and Cummins 
1989) the dose-response relationship has been examined. 
Pader described a study in which zinc citrate in the 
dentifrices varied between 0.5 and 2% and the data suggested 
no additional benefit for concentration above 0.5%. The 
potential of dentifrices containing zinc citrate (0.5% and 
1%) to influence gingival health was investigated by Saxton 
and Cummins (1989) using the 21 day experimental gingivitis 
model. Both test dentifrices reduced the development of 
gingivitis in this model by approximately 25%, again 
suggesting that effective control of plaque and maintenance 
of gingival health would not be achieved by increasing the 
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level of zinc. 
In addition zinc ions are known to inhibit crystal growth 
during calculus accumulation and several studies have 
demonstrated a small but significant reduction in calculus 
formation (Pader 1988, Stephen et al 1987, Gaare et al 
1989). 
Dentifrices containing other antiplaaue agents.-A small 
number of alternative active agents have been incorporated 
in dentifrice formulations, for which limited clinical data 
are available (Table 1). The data shown indicate that none 
of these approaches appears encouraging. 
34 
Table 1.Clinical findings of alternative antiplaque 
agents in dentifrices. 
Reference 
Goultschi et al 
(19911 
Gazi et al (1988) 
Banoczy et al (1989) 
Pader (19Θ8) 
Morar et al (1988) 
Rotcans and 
| Hooaerdoorn (1979) 
Active aoent 
Glyceryrrhizm 
Salvadora persica 
Amine fluoride/ 
stannous fluoride 
BenzethoniuFi 
chloride 
AmyloglucoS-idase/ 
glucose oxidase/ 
potassium thio-
cyanace 
as above 
Teet 
Duration 
42 days 
2 8 days 
84 days 
14 days 
12 days 
14 days 
Effect 
on 
Plaque 
(4) 
0 
11 
4 
20 
0 
25 
Effect on 
OineivitiB 
<*> 
0 
1 
2 2 
. 
19 
0 
1 4 Summary of current position 
The high incidence of gingivitis in adult populations has 
led to the conclusion that gingival inflammation precedes 
destructive periodontitis. Although recent evidence is not 
so compelling, there is sufficient weight of evidence to 
suggest that improvements m gingival status might 
ultimately reduce the risk and the rate of progression of 
adult chronic periodontitis. The studies reviewed showed 
that dental plaque, the main aetiological factor responsible 
for gingivitis can, under extremely favourable conditions, 
be controlled by good mechanical cleaning. To achieve 
sufficiently low levels of plaque to support a healthy 
periodontium, several mechanical oral hygiene aids are 
necessary in addition to the toothbrush. In particular, 
interdental regions are difficult to clean with the 
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toothbrush, and dental floss or other interdental cleansing 
aids are required to reduce the biomass loading in these 
protected sites. This review has highlighted the difficulty 
of most individuals to sustain the motivation and dedication 
required to maintain, consistently, acceptable low levels of 
plaque around the dentition. Many reviews have supported 
the feasibility of chemical approaches in the control of 
plaque formation, thereby aiding the individual to achieve 
an acceptable gingival status regardless of a sub-optimal 
dedication and imperfect compliance towards meeting this 
goal. 
The success of chemical plaque control is potentially 
greater if the delivery system used for targeting the 
antiplaque agents can conveniently be part of the normal 
daily toothcleanmg regime. Since an absence of motivation 
in many people precludes any extended contact time of high 
dose of agents, regular, twice daily application from a 
convenient, easy to use system is considered appropriate. 
The dentifrice fits naturally into the already traditional 
toothcleanmg procedures and has been used to deliver a 
variety of antiplaque agents At the start of the research 
none of the antiplaque dentifrice formulations appears to 
control plaque to the same extent as when the same agent is 
used in simple mouthrinses; in many instances this is due to 
interaction with dentifrice excipients. 
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1.5 Aim of the investigation 
The aim of the research to be presented was to investigate 
the potential of a combination of two antiplaque agents, in 
a dentifrice formulation, to control effectively 
supragmgival plaque and gingivitis. A combination of 
active agents has several advantages. They can be used at 
relatively low concentrations compared to either alone, thus 
reducing possible risks in respect to safety and adverse 
effects. Low concentrations of sensonally deficient agents 
improve acceptability and increase compliance by the user. 
Increased clinical activity may occur through additive or 
synergistic interactions of the agents. The two active 
agents selected for investigation have been a metal salt, 
zinc citrate, and a non-charged phenolic agent, Tnclosan. 
The concept of including zinc as one of the active agents 
arose from the observations of Spowels and Poe (1943) who 
demonstrated that the antimicrobial activity of certain 
antiseptics was increased by the addition of certain 
inorganic salts. Zinc salts, among those studied by Spowels 
and Poe (1943) have shown modest antiplaque and anticalculus 
activity and compatibility with dentifrice excipients 
including anticanes agents At these concentrations zinc 
salts do not exert any adverse reactions. 
Tnclosan (2, 4, 4'trichloro-2-hydroxyphenol ether) is a 
nonionic antimicrobial agent manufactured by Ciba Geigy and 
has a wide spectrum of activity against yeasts and a wide 
range of oral gram positive and gram negative 
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microorganisms. By avoiding organic cationic materials, 
such as Chlorhexidine and quaternary ammonium compounds, the 
risk of toothstaining and other adverse side effects might 
be reduced. 
The investigations included in this thesis form part of 
research undertaken within Unilever Research. The 
presentations concentrate on clinical studies which have 
been conducted by the author either directly or as 
collaborator in such studies. 
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CHAPTER 2 
The Effect of Dentifrices containing Zinc Citrate on Plague 
Growth and Oral Zinc levels. 
J Clinical Periodontol (1986) 13 301-306 
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The effect of dentifrices containing £.í¡5 
zinc citrate on plaque growth and 
oral zinc levels 
C. A. Sarton, G. J. Harrap* and A. 
Unilever Rasaarch Port Sunlight Laboratory 
Bebmgton Mersayaide UK 
'Unilever Research Colworth Laboratory 
Sharnbrook Bedford UK 
Saxton CA, Harrap GJ and Uoyd AM The effect of dentifrices containing zmc 
citrate on plaque groYith and oral zinc levels J Clin Periodontal 1986 13 
301-306 
Abstract Zinc salts have previously been shown to possess antiplaque activity m 
solution but this activity has as yet not been reported for dentifrices The purpose 
of the present investigation was to establish the effect of dentifrices containing 
zinc citrate (ZCT) on plaque growth and on the concentration of zinc m saüva 
and plaque Plaque growth inhibition was studied over periods of time approxi-
mating to intervals for normal oral hygiene procedures Zinc in saliva and plaque 
was measured by atomic absorption spectroscopy 
Elevated zinc levels in saliva were observed for 3-4 h after brushing with the zinc 
citrate dentifrice Similarly, raised levels of zinc were encountered in plaque 1 h 
following conuct with a slurry of a dentifrice containing ZCT Increased concen-
trations of zinc were observed in plaque fluid and plaque residue 
The plaque growth data from 88 participants in S studies revealed that plaque 
regrowth over 16 h or 22 h was reduced by dentifrices containing 0 5% ZCT, 
compared to placebo dentifrices Dentifrices which contained 0 5% ZCT or 0 4% 
stannous fluonde. had similar inhibitory effects on plaque 
Further analysis of the data showed that subjects with high rates of plaque growth 
benefited more from the zinc dentifrices than those with low rates of plaque 
growth It is suggested that the effect on plaque was related to zmc concentration 
in the dentifrice rather than total dose applied, and that the main effect of zinc 
was to inhibit the extension of existing plaque 
Key words Zinc citrate - dentifrices -
- oral zinc levels 
plaque 
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Mouthwashes containing zinc salts were 
first reported to reduce the growth of 
dental plaque in 1973 (Fishman et al 
1979) Further studies followed (Schmid 
et al 1974 Compton & Beagne 1975, 
Skjorland et al 1978, Addy et al 1979) 
and the activity of zinc was confirmed 
in recent work (Harrap et al 1983a) 
which stressed the importance of using 
a high enough concentration of zinc and 
a sufficient frequency of application 
Water-insoluble zinc salts were inactive. 
but the partially soluble zinc citrate gave 
acmitv in vivo similar to that of the 
readilv soluble zinc phenolsulphonate 
Prolonged retention of antiplaque 
agents m the mouth is thought to be 
important for their activity (Bones-
voll 4 Gjermo 1978) Mouthwashes 
containing soluble zinc salts were found 
to increase the concentration of zinc in 
whole saliva and plaque for several 
hours after use (Harrap et al 1983b) 
Demi fnces are more widely used as 
oral hvgiene aids than mouthwashes, so 
it is desirable to deliver antiplaque 
activity from these aids The incorpor-
ation of antiplaque ingredients into den-
Ufnces presents several difficulties The 
formulation of a dentifrice is complex 
and some of its ingredients may affect 
the activity of the therapeutic agent For 
example, the availability of Chlorhexi-
dine is reported to be impaired by the 
anionic detergent commonly present in 
dentifnces (Haugen et al 1974) Denti-
fnces which contain stannous fluonde 
require the presence of stannous pyro-
phosphate to give sufficient stannous 
ions for antiplaque activity (Svatun & 
Relia 1981) Another problem is the 
concentration of the antiplaque ingredi-
ent to be used, as the dose of dentifnce 
used in the mouth is only 0 2 to 0 1 that 
of a mouthwash Work on Chlorhexidine 
(Cumming & Loe 1973) suggests that. 
for this matenal. total dose is more im-
portant than its concentration in 
mouthnnses and that the smaller the 
volume of product used the higher will 
be the concentration of Chlorhexidine 
needed to maintain antiplaque activity 
In the experiments desenbed denti-
fnces have been studied containing a 
zinc salt at concentrations only slightlv 
higher than those used in mouthwashes 
which had shown antiplaque activity 
The dentifnces were tested for their po-
tency to inhibit regrowth of plaque dur-
ing penods between normal toothbrush-
mg and for their effect on zinc concen-
tration in plaque and saliva The efTect 
of one of these dentifnces on plaque 
development was also compared with 
that of a dentifnce containing stannous 
pvrophosphate and stannous fluonde. 
which has been shown by Svatun (1978) 
to have antiplaque activity 
Additionally, the conclusion from 
work with mouthwashes (Harrap et al 
1983b) was that zinc was most active in 
individuals showing a high rate of 
plaque growth and that it showed little 
effect when plaque growth was nor-
mallv low 
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Material and Methods 
T«it partlclpanlt 
Volunteers of both sexes were drawn 
from the staff of the Unilever Research 
Laboratories at Isleworth or Port Sun-
bghl, England The informed consent of 
all participants was obtained prior to 
their inclusion in the studies All the 
studies were double blind Although in­
dividual study populations vaned. in 
general both male and female were re­
presented within the age range 18-40 
years Persons who were pregnant, had 
acute infections or who had recently 
taken or were taking antibiotics or other 
antimicrobial drugs were specifically ex­
cluded Body weight was not considered 
to be an important factor in the studies 
but participants with severe periodontal 
disease, gingival recession or stained 
teeth were rejected All participants had 
at least 16 natural teeth which did not 
contain large restorations in the region 
of the gingival margin 
Dentifrices 
ZCT (Sturge, Birmingham. UK) was in­
corporated at 0 5% into an aluminium 
tnhydroxidc dentifrice, in addition, so­
dium monofluorophosphate and con­
ventional anionic detergents were in­
cluded The placebo dentifrices were 
identical except for the absence of zinc 
citrate and slight alterations in the buff­
ering svstem to ensure that all products 
had a similar pH. 
A dentifrice containing 0 4% slan-
nous'duonde was formulated in a stan­
nous pyrophosphate base 
All products were supplied in plain 
white coded tubes 
A simple paste was used in the plaque 
growth studies рпог to brushing with 
the dentifrice This contained abrasive, 
binding agent and humectant but not 
foaming agent flavour or other ingredi­
ents which could have antimicrobial ac­
tivity 
Salivary zinc concentration after use of 
ZCT dentllrlce 
Unstimulated saliva was collected from 
2 subjects at least 1 h after normal oral 
hygiene or intake of food or dnnk The 
subjects then used Gibbs Shorthead Me­
dium toothbrushes to brush their teeth 
under supervision for 30 s with a denti­
frice (2 g) containing 0 5% ZCT Re­
sidual dentifrice was removed by 3 χ 20 
ml nnses with deiomsed water Further 
samples of unstimulated saliva were 
taken 1, 10. 20. 30, 60. 120, 180 and 240 
mm after using the dentifrice 
The saliva samples were digested with 
nunc acid and analysed for zinc by 
atomic absorption spectroscopy, as 
previously desenbed (Harrap et al 
1983b) 
Effect of ZCT dentifrices on zinc 
concentration In plaque 
12 subjects, who had not used any denti­
frice or mouthwash that contained zinc 
for I month, were randomly assigned 
into 2 equal groups At least 5 h after 
normal oral hygiene, one group nnscd 
with a 33% (w/w) suspension in water 
(10 ml) of toothpaste containing 0 5% 
ZCT Rinsing was employed to avoid 
removal of plaque by brushing Resi­
dues of the suspension were removed 
by nnsmg twice with water (10 ml) The 
2nd group was not treated Plaque, was 
removed from the labial aspect of the 
teeth of all the participants I h after the 
first group had nnsed. pooled within 
groups and stored in liquid nitrogen 
pnor to analysis The pooled samples of 
plaque were thawed and then centn-
fuged in plastic microcentrifuge tubes 
(250 μΐ) m a Beekman Microfuge В for 
5 min The supernatant plaque fluids 
were removed and the residues were 
dried, weighed and digested in nunc 
acid (Harrap et al 1983b) Both plaque 
fluid and the digested residues were 
analysed for лпе by atomic absorption 
spectroscopy at 213 6nm Samples (5 μΐ) 
were injected into a graphite furnace for 
volatilization and healing was at 110CC, 
500 С and 25003C 
Effect of ZCT dentifrice on plaque growth 
In vivo 
A senes of double blind studies were 
undenaken in which the regrowth of 
plaque at the gingival margin was moni­
tored b\ the method of Harrap (1974) 
In bnef. subjects cleaned their teeth 
with an men paste to remove as much 
plaque as possible The teeth were then 
brushed with a test paste under defined 
conditions and assessed for residual 
plaque using the gingival margin plaque 
index (GMPI) An\ form of oral hy­
giene was prohibited until the plaque 
was reassessed 16 h later In one study, 
this penod was increased to 22 h The 
plaque growth is defined as the differ­
ence between the after brushing plaque 
score and 16 h plaque score This pro­
cedure was repeated until each partici­
pant had used all dentifrices in the test 
in rotation A minimum of 3 days was 
planned between use of the dentifrices, 
to reduce the nsk of crossover effects 
The disclosing reagents used in the 
studies were 0 5% aqueous erythrosin 
(British Drug Houses, Poole, UK) or 
0 5% methylene blue (Gurr, London, 
BA grade) For the convenience of the 
participants, disclosing solution was not 
applied to the antenoi teeth and thus 
plaque assessment was confined to the 
canines, premolars and first molar teeth 
The data were analysed using the paired 
/-test or, when appropnate, 2-way 
analysis of variance followed by the 
Duncan multiple range test 
The effect of a dentifrice containing 
0 5% zinc citrate on plaque growth was 
analysed in a series of investigations 
In study 1, 17 subjects compared the 
efficacy of the test and placebo denti­
frice and the plaque was disclosed with 
0 5% methylene blue In studies 2 and 
3, 18 and 20 subjects, respectively, used 
both dentifrices but the plaque was dis­
closed with emhrosin In study 4, 21 
subjects were used but the penod of 
plaque growth was extended to 22 h 
to represent the period of once daily 
toothbrushing In study 5, 12 subjects 
compared the effecis of the zinc citrate 
dentifrice with use of a dentifnce con­
taining 0 4% stannous fluonde 
pg/ml 
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Fig J The relationship between the amount 
of zinc in saliva and lime following brushing 
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Table I The effect of dentifrices conldining 0 5°о ZCT on pldque growth over 16 h or I 
Stud\ 
number 
Number of 
subjects 
in stuch 
Time of 
plaque growth 
(hours) 
Dbdobing 
agent 
Plaque* 
growth 
(placebo) 
Plaque* 
grow ih 
(test) 
Statbiit-jl 
SienihLance 
г 
18 
20 
21 
16 
16 
16 
η 
meihvlenc 
blue 
crMhrosin 
erMhrosm 
emhrosm 
Г4
 =
 6 - r - 4 - 6 " 
- ' . - 1 0 4 
6 І < - П 9 
1 9 - 1 : 6 
Il S-S1 
1 9 6 - и : 
I - « - « - ' 
P<0 0« 
P^OU-
Ρ < 0 (b 
Each paste uKd twite b\ a)) subjects GP1 is mean of both hahes o\ slud\ 
p
 Mean GP1 score-standard desiation 
Results 
Salivary zinc concentration 
Salivary zinc concentrations after 
brushing with dentifrices containing 
0 5% ZCT are shown in Fig 1 The 
results shown are the mean values for 
2 subjects Use of the paste increased 
salnarv zinc concentration lor at least 
3-4 h alter brushing 
Zinc concentration In plaque 
Plaque fluid Irom the untreated group 
of subjects contained 0 2 /ig zinc ml flu­
id whereas that Irom the group treated 
with the slum ol Ü 5°o ZCT pasie con-
tained 15 2 /ig ml Zinc was also elev-
ated in the plaque residue - 1021 /ig g 
dry weight in the sample Irom the ireat-
ed subjects compared with 111 /ig g drv 
weight in that from the untreated sub-
jecls 
Plaque growth 
The effect of the dentifrices on plaque 
growth is shown in Table 1 In all 
studies the inclusion ol ZCT inhibited 
the amount of plaque growth compared 
to the placebo dentifrices (/)<0 05) The 
plaque growth occurring dunng 16 h 
oral Ingiene abstension ranged from 
17 1 to 26 S when the placebo dentilnce 
was used 
In studv I the inclusion ol ZCT re-
duced the plaque growth to Π 4 com­
pared to 17 4 for the placebo Plaque 
growth alter using the placebo denti­
frice was 17 1 in stud\ 2 and 26 8 in 
studv .1 and it was reduced to 11 5 and 
19 6 respectively bv the zinc citrale 
dentitrice The change ol disclosing re­
agent from meihvlcnc blue to ervthrosin 
did not appear to atTect the results 
When the period of growth was ex­
tended to 22 h in studv 4 the mean 
plaque growth was reduced Irom 23 9 
for the placebo dentilnce to 17 9 alter 
use of the dentifrice which contained 
ZCT 
The comparison ol dentitnces con­
taining zinc and stannous ions is shown 
in fable 2 Compared to Ihe plaque 
erowih ol 16 2 from ihe subjects using 
the placebo dentilnce ihevaluesol 12 0 
and 10 9 tor the stannous and zinc den­
tifrices respectivelv showed significant 
(/><() 051 reduction ol plaque regrowth 
Additional analysis ol the plaque growth 
data 
Previous results with mouthwashes con-
TahU 2 Sludv ^ The inllibilion ol plaque 
growth ol 12 bubiectsovera pi.nod ol I 6 h b \ 
a dciltilriLC (.onljinini: 0 ^"o ZCT tompiri-d 
wilh a dintilrnc t o r u i m n e O J O bul· 
bLllMU.ll 
MgmlicjnLe 
iLOmpjad 
to plaLL'bo) 
Plaque 
DcnnlncL' erowth* 
Placebo 
bnl-
ZCT 
і б : - ^ о 
I : I K S 4 
I0 9 ± s i ) 
p < o n s 
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Mean GPI -.cure - -aandard dewation 
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laming zinc (Harrap ei al 1981b) sug­
gested that the evtent ol the plaque 
growth inhibition bv zinc was variable 
and subjeel dependent The elleu of 
zinc was more evident with participants 
who normallv showed high rates of 
plaque growth than it was with those 
who were characterised as slow plaque 
lormers Further analvsis of the dala 
summarised in Tables I and 2 revealed 
evidence to support this hvpothesis The 
data from subjects in studies I to 3 were 
divided into 3 subgroups according to 
their mean plaque scores when using the 
placebo dentil rice The criteria used lor 
the division ink) subgroups was arbi-
tranlv set at »- И lor low plaque lorm­
ers Is 2s for medium plaque lormers 
and >2's lor high plaque tormers 
The results (Table 1) show that the 
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effect of zinc citrate on low plaque 
formers was minimal The effect of the 
zinc was of similar magnitude for the 
2 groups classified as medium or high 
plaque formers 
The data for the last trial in Table 1 
were also analysed on a tooth by tooth 
basis, relating the amount of plaque 
growth of each of the teeth which oc­
curred during the 22 h to its baseline 
score The mean growth associated with 
difTerent baseline values for the control 
and test dentifrice is shown in Figure 2 
Approximately 50% of the teeth were 
plaque-free immediately after brushing, 
while the remainder of the surfaces had 
plaque scores ranging from 10 to 40 
When teeth were treated with the pla­
cebo dentifrice, surfaces which were in­
itially plaque-free grew less plaque than 
those which started with vanmg levels 
of plaque When the 0 5% ZCT denti­
frice was used, plaque growth on sur­
faces initially plaque-free or bearing 
only small amounts of plaque (10-20) 
was not significantly diflferent (p>0 05) 
to that which occurred after treatment 
with the placebo product Howe\er, on 
surfaces mitialK possessing higher levels 
ofplaque (30-40 units) there was a sig­
nificant reduction in plaque growth af­
ter use of the zinc dentifrice (p<0 05) 
Discussion 
The findings presented here clearly 
show that the amiplaque activity pre­
viously reported for zinc in mouth­
washes (Fishman et al 1973 Schmid et 
al 1974. Skjorlandet al 1978 Addy et 
al 1979. Harrap et al 1983a) can also 
be demonstrated in dentifnces confin­
ing zinc citrate Plaque growth was less 
when pastes containing ZCT were used 
than when similar pastes containing no 
zinc citrate were used The effect was 
observed when a number of different 
groups of subjects were used The dem­
onstration of activit\ was consistent 
with the increases which occurred in the 
concentration of zinc in saliva and 
plaque after pastes containing zinc were 
applied ю the mouth and the biological 
and analytical results confirmed the bio­
availability of zinc from the products 
The concentration at which zinc ci­
trate was active in dentifrices was lower 
than expected Earlier studies with 
mouthwashes containing zinc (Harrap 
et al 1983a) showed activity m uvo that 
was comparable with that found for the 
0 5% ZCT dentilnce in the present 
study Maximum activity was obtained 
with mouthwashes containing 1 2 mg 
Zn/ml, which is similar to the concen­
tration in the dentifrice Since the equi­
valent of only about 1-2 ml of dentifrice 
was used per brushing, in contrast to 
the 10 ml dose of mouthwash used in 
the previous work, this suggests that the 
antiplaque activity relates to anc con­
centration in the product rather than to 
the total amount of zinc present Rela­
tively little dilution of dentifrice occurs 
in the initial stages of contact between 
the teeth and the loaded brush, thereby 
producing a favourable concentration 
gradient between the anc in the paste 
and in the plaque 
Plaque growth studies were not ex­
tended to 24 h to reflect the once-a-day 
oral hygiene regime, because of practi­
cal difficulties π arranging the examina­
tion, but the test earned out over 22 h 
still showed a reduction in plaque 
growth due to anc citrate 
The present results suppon the earlier 
observations (Harrap et al 1983a) that 
plaque growth is more susceptible to 
anc in subjects with high rates ofplaque 
growth The size of the effect seen can 
therefore be affected by the composition 
of the panel used for the test In these 
studies, subjects were not selected ac­
cording to their normal rate of plaque 
growth This lack of bias, and the large 
number of subjects tested, should make 
the results representative of a normal 
population Although the factors re­
sponsible for variation in the rate of 
plaque growth have not been identified. 
it would be reasonable to assume that, 
during the periods between toothbrusn-
ing those subjects who have a high rate 
of plaque growth could have a worse 
standard of oral hygiene than those who 
are low plaque formers, and that denti­
frices containing anc would therefore 
be more beneficial to the former group 
of subjects 
While the potential of many anti-
plaque agents has been established us­
ing simple solutions, there have been 
few studies of their activity in the more 
commonly used oral hygiene aid, the 
dentifrice A notable example has been 
the recent interest in another metal salt, 
stannous fluonde, which has exhibited 
antiplaque activity both as a 0 2% so­
lution (Skiorland et al 1978) and at 
0 4% in a dentifrice (Svatun 1978, 1981, 
Bay & Rolla 1980) The similar inhi­
bition ofplaque growth observed here 
for the anc and stannous dentifnces 
supports the view that these metal salts 
may have a common mode of action 
(Opperman et al 1980) Indeed, the ex­
amination of the 24-h plaque growth 
data reported by Svatun (1978) during 
his studies on stannous fluonde suggests 
that the effect of tin also increases with 
increasing rate of normal plaque 
growth 
In a recent study (Addy et al 1983), 
the antiplaque activities of a wide range 
of dentifnce slurries, some of which 
contained metal ions, were compared 
in a 4-day non-brushing regime It was 
observed that the dentifnces possessed 
some activity compared with water but 
were not different from each other This 
is at vanance with the present findings 
for zinc citrate and those reported for 
stannous dentifnces (Svatun 1978, 
Bay & Rolla 1980, Svatun & Relia 
1981) The absence of antiplaque ac­
tivity for the dentifnces containing 
metal salts might be explained by the 
unusual mode of application Slurries 
representing 25% of the ongmal denti­
fnce concentration were applied as a 
mouth nnse The findings presented m 
this paper suggest that the total dose of 
the metal ion applied to the mouth 
might be less important than the initial 
concentration 
The mechanisms of action of metal 
ions such as zinc and tin are not estab­
lished unequivocallv Binding of cations 
to the surface of oral bactena can alter 
their surface potential (Olsson & Glantz 
1977) and this may affect bactenal ad­
hesion to teeth (Skjorland et al 1978) 
Zinc and un inhibit acid production by 
bactena in plaque (Opperman et al 
1980, Harrap et al 1983b), suggesting 
that these matenals may reduce bac­
tenal growth by reducing metabolic ac­
tivity These metal ions were shown to 
be retained by plaque (Svatun & Attra-
madal 1978. H a n a p e t a l 1983b) Ultra-
structural studies (Tinanoff & Camosci 
1980, Leach &. Appleton 1981) showed 
intracellular and extracellular bound 
deposits of metal ions in plaque, follow­
ing nnses with a senes of solutions of 
metal salts Association with the par-
uculate phase of plaque is consistent 
with the present results for plaque fluid, 
which indicate that if plaque fluid repre­
sents 30% of plaque by volume 
(Edgar & Tatevossian 1971) then 99% 
of the anc is bound to the sediment 
The relative importance of bactenal de­
position and the proliferation of the 
micro-organisms so deposited in deter­
mining the rate of plaque growth is not 
resolved If the rate of plaque growth 
depends pnmanly upon expansion of 
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exist ing p laque then interference with 
bacter ia l g rowth might be an impor tan t 
feature of metal ions It would be ex-
pected that the inhibi tory effect would 
occur no t onlv on surfaces which start 
clean bu t also for surfaces which possess 
residual a m o u n t s of p laque D a t a from 
one of the present investigations con-
firm tha t zinc can inhibit the extension 
of existing p laque and suppor t the view 
thai o n e of the effects of zinc might be 
to reduce the rate of bacterial growth 
on the too th surface 
Zusammenfassung 
Die Wirkung Zmkzitrat enthaltender Zahnpa 
sten auf das Plaquenachstum und au/das orale 
Zmknneau 
Bereits früher konnte gczeict werden dass 
Zinksalze in Losungen aktive Anuplaquewir 
kungen entwickeln doch ist bisher noch 
nichts über die Reaktion von Zinksalzen in 
Zahnpasten bekannt Die vorliegende Unter 
suchung haue zur Aufgabe den Effeki von 
Zmkzitrat (ZCT) enthaltenden Zahnpasten 
auf das Wachstum der Plaque und auf die 
Zinkkonzentration im Speichel und in der 
Plaque festzustellen Die Inhibition des Pia 
quewachsiums wurde fur Zeitabschnitte stu 
diert die etwa den Intervallen zwischen nor 
mal vorgenommenen oralen Hvgienemass 
nahmen entsprechen Das Vorkommen von 
Zink im Speichel und in der Plaque wurde 
mu der Atom Absorptionsspektromelne ge 
messen 
Nach dem Putzen der Zahne mit der Zink 
zilratzahnpasie wurden 3—t Stunden lane er 
höhte Zinkniveaus im Speit.hcl festgestellt 
Dementsprechend wurde I Stunde nach dem 
Kontakt mit der emeespeichelten ZCT em 
haltenden Zahnpaste auch m der Plaque er 
höhte Zinkniveaus gemessen Erhöhte Zink 
konzentralionen wurden ebenfalls in der Pia 
queflussigkeit und in den Plaquerestcn 
entdeckt 
Die bei 5 Untersuchungen über das 
Plaquewachstum von bei 88 Probanden ab 
gelesenen Daten zeigen dass im Vergleich mit 
Zahnpasten Plazebos eine 16 oder 22 Slun 
den lange Wiederanlagerung der Plaque 
durch eine Zahnpaste mit 0 5° о igem ZCT 
reduziert wird Ähnliche inhibierende Effekte 
auf die Plaqueanlagerung wie bei Zahnpa 
sten mit 0 5% igem ZCT werden auch bei 
Zahnpasten mit 0Aoo igem Zinnfluond ge 
sehen 
Die weitere Datenanalvse zeiete dass 
Zinkzahnpasten bei Probanacn mit Neigung 
zu hoher PUqueanlaeerung elTektiver also 
nützlicher waren als bei Probanden mit nur 
gen π gern Plaquewachstum Es wird konsta 
tiert dass der Effekt auf die Plaque mehr 
von der Zinkkonzcntration in der Zahnpaste 
abhängt als von der Hohe der verabreichten 
Totaldosis und dass der hauptsächliche Ef 
fekt des Zinks in der Verhinderung der Aus 
breitung bereits vorhandener Plaquebelage 
zu sehen ist 
Resume 
Effet sur ¡a formation de plaque et sur ¡es 
ni\eaux du zinc dans la salive et dans la plaque 
de l usage de dentifrices contenani du citrate 
de zinc 
Lactivite aniiplaque des sels de zinc en solu-
tion a deja etc mise en evidence mais cette 
activité η a pas encore ete constatée pour les 
dentifrices Le but de la presente etude était 
d établir I effet de dentifrices contenant du 
aírate de zinc (ZCT) sur la formation de 
plaque et sur la concentration du zinc dans 
la salive et dans la plaque Linhibttion de la 
formation de plaque a etc étudiée pendant 
des реп odes correspondant a peu pres aux 
intervalles auxquels se font les soins d hvgie 
ne buceo dentaires normaux Les taux du 
zinc dans la plaque et dans la salive ont eie 
mesures par spectroscopie d absorption ato 
mique 
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CHAPTER 3 
Antiplaque effects and Mode of Action of a combination of Zinc 
Citrate and a Nonionic Antimicrobial Agent. 
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Antiplaque effects and mode of action of a 
combination of zinc citrate and a nonionic 
antimicrobial agent 
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Abstract The effect upon plaque içrowlh of adding a nonionic antimicrobial agent tnclosan 
to a dentifrice containing 7inc curate was established in short-term in \ i \o studies Plaque 
regrowth was inhibited bv brushing with dentifrices which contained either /ine citrate or 
tnclosan When both were combined in the same dentifrice the inhibition ol overnight plaque 
regrowth was significantK greater In two 4-dav non brushing studies the dentifrices containing 
both zinc curate and tnclosan were applied either undiluted b\ the use of a cap splint or as 
2300 suspensions in water Both methods resulted in significant reductions in plaque ucumuh-
tion with the greater activitv being observed for the undiluted ipphcation of the dentifrice 
Analysis of results of the overnight plaque Judies lor individual teeth revealed thai the two 
agents had a complementarv mhibitorv action on plaque regrowth /ine curate being more 
effective on existing plaque whereas tnclosan inhibited plaque formation on clean -.urfaces I he 
dentifrice containing both agents was elfcctive against both exisiing plaque and new plaque 
formation It is concluded that the addition of tnclosan to a dentifrice containing /ine curate 
improves us antiplaque potential 
Key words dental plaque dentifrice tnclosan 7inc citrale 
С A Saxion Gibbs Dental Division L nilever Research Port Sunlight I aboratorv Bebington 
Hirral Mcrsevside I 63 3J\\ England 
\ccepted for publication 7 \o\embcr 1987 
Toothbrushing with a dentifrice remains the 
most common form of oral hvgtene 1 2 
although its effectiveness vanes widelv de­
pending on people s attitudes and brushing 
habits Ineffective brushing allows plaque to 
accumulate at the gingival margins of teeth 
and to cause gingival inflammation I 3 
Since dailv mechanical removal of plaque bv 
brushing commonlv fails to maintain good 
gingival health additional plaque control 
bv chemical antimicrobial agents has been 
proposed 1 + 7 
Incorporation of a canonic antiplaque 
agent i e Chlorhexidine in dentifrices has 
been unsuccessful because of incompatibilitv 
with some of the normal dentifrice ingrcdi-
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ents (8) A recent study (9) has confirmed 
that a 0 8% Chlorhexidine (CHX) dentifrice, 
although it exhibited some ability to reduce 
plaque, was less effective than a 1% C H X 
gel Other recent studies have shown that 
metal salts such as stannous fluoride and zinc 
citrate retain their antiplaque activity when 
incorporated into dentifrices (10-14) 
This paper describes our continuing stud­
ies of the elfect on plaque of using combina­
tions of a metal salt (zinc citrate) and an 
antimicrobial agent (tnclosan) in dentifrices 
Zinc citrate has known antiplaque activity 
and is compatible with the normal compo­
nents of dentifrices Tnclosan is a noniomc, 
phenolic antimicrobial agent (2,4,4 ,-tn-
chloro-2'hvdroxvdiphenyl ether) with good 
actnity in vitro against a wide range of 
Gram-positive and Gram-negative organ­
isms (15) including S mutans, S sanguis 
and Actinomyces 1 he bioavailability of zinc 
and tnclosan from a dentifrice has been re­
cently demonstrated in vitro (16) 
Two plaque studies are described These 
are respectively studies of (1) the eifect of 
the two active agents, singly or combined, 
on overnight plaque regrowth, (2) the inhib­
itory effect of the combined agents on plaque 
accumulation over 4 days 
Material and methods 
Materials - The placebo dentifrice contained alu­
minium tnhydrate as abrasi\e, sodium monofluor-
ophosphate, and other toothpasle ingredients such 
as humectant, binder, surfactant, Пачоиг The test 
dentifrices contained, in addition, 0 5% zinc ci­
trate tnhydrate iSturge, Birmingham, UK), 0 2% 
tnclosan (Ciba Geigv, Basel, Switzerland) or a 
combination of 0 5 0 0 zinc citrate tnhydrate and 
0 20/0 tnclosan (i e "dual active") 
Subjects - The informed consent of volunteers, 
men and women, aged 18 to 35 yr, was obtained 
prior to their participation in the studies Persons 
who had acute infections or severe penodontilis or 
who were undergoing, or had recently completed, 
antibiotic or other antimicrobial drug therapy 
were specifically excluded Volunteers exhibiting 
penodontal pocketing ( > 3 5 mm), extensive re­
cession or untreated decay were also rejected All 
studies were conducted double blind, and em­
ployed a cross-over design in which the dentifrices 
were used in random order 
Study Series 1 - Oiemighl plague regrowth studies -
This senes consisted of two studies in which over­
night plaque regrowth was assessed using the pro-
toco) suggested by HARRAP (17) Plaque assess­
ment in both studies was made by the same exam­
iner In the first study, plaque regrowth 
assessments were made on 15 subjects after they 
had brushed their teeth with a placebo, or with a 
dentifrice containing either 0 2% tnclosan alone 
or the above combination of both agents In the 
second study using 23 subjects, plaque regrowths 
were compared after brushing with placebo, or 
with dentifrice containing either 0 5% zinc citrate 
or the combination of both agents 
The data were analysed using the paired /-test 
Stud} Series 2 - Four-day studies - The effectiveness 
with which the dentifrice containing both agents 
prevented plaque accumulation was compared 
with that of the placebo by using two protocols 
over a penod of 4 days dunng which subjects 
abstained from brushing their teeth In both stud­
ies the teeth were scaled on day 0, and to avoid 
carry-over effects 9 days were allowed between 
testing of dentifrices In the first study 12 volun­
teers nnsed twice daily for 4 days with 13 g of 
23% suspension of the test or placebo dentifrice 
Plaque on the buccal surfaces of the teeth was 
then scored using the Extnnsic Slam Index (18, 
19) 
In the second study cap splints were prepared 
(10) for 10 volunteers The splints were kept in 
situ twice daily for 2 mm, each splint containing 
approximately 1 5 g of the placebo or test denti­
frice Plaque formation was enhanced by six daily 
oral rinses with 10 ml of 15% sucrose solution 
After 4 davs the plaque was assessed using the 
Plaque Index (20) The data were analysed using 
the paired i-test 
Results 
Study Senes I - Plaque regrowth - T h e mean 
plaque growths in 16 h of oral hygiene ab­
stention are shown in Table 1 The regrowth 
of plaque after use of the placebo was similar 
for both studies in this series, even though 
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different participants had been used Re-
growth of plaque at the gingival margin gave 
mean GM PI values of between 23 and 25 
In both studies the inclusion ofantimicrobial 
ingredients, either individually or combined, 
significantlv inhibited the regrowth of 
plaque at the gingival margin When both 
zinc citrate and triclosan were present in 
the dentifrice the mean plaque regrowth was 
significantlv less than it was after use ofeither 
single-agent dentifrice 
The data were subjected to tooth-by-tooth 
analysis in an attempt to discover the mode of 
action of the two antimicrobial agents Be-
tween 50 and 70°
 0 of the teeth were plaque-
free immediately following toothbrushing, 
while most of the remaining surfaces had 
GMPI scores associated with the gingival 
margin ranging from 5 to 50 The relationship 
between the mean amount of plaque growth 
on each tooth and its baseline score initial 
plaque score) for each of the dentifrices is 
shown in Table 2 The 'placebo' and 'test 
data from the two studies have been com-
bined for the analvsis d e data for the two 
placebo or two test dentifrices respcctivelv^ 
Three categories of initial plaque values were 
formed 'nil, small, medium) 
When the 0 5 0 0 zinc citrate dentifrice was 
used, plaque growth appeared dependent on 
the initial plaque status The percent differ-
ence between the plaque grovvths after use 
of placebo and zinc citrate dentifrice was 
highest on surfaces bearing the highest 
amount of initial plaque In contrast the 
greatest reduction after use of the triclosan 
dentifrice occurred on initialK clean sur-
faces With increasing amounts of initial 
plaque, its effect on plaque regrowth dimin-
ished Fig 1 ì 
The combined data from the use of the 
dual-active dentifrice Table 2 revealed a 
plaque growth inhibition pattern consistent 
with those found for each of the active 
agents On initiallv clean surfaces inhibition 
ol plaque growth was approximalelv 33°,, 
fig 1 On surfaces with the hightst initial 
amounts of plaque inhibition was 50°0 but 
it was smaller for the intermediate values of 
initial plaque 
Study Series 2 - Pour-day studies - The results 
of the first studv are shown in Table 3 The 
Table 1 
Effect of dentifrices containing triclosan ι Sludy I j от -me aírate t Studi 2l or combination of both açenls on plaque 
çrou th 
Studv Denufrice 
Mean plaque 
цго иЬ + 
24 7 
19 7 
15 3· 
23 2 
182 
14 7 
Standard 
error 
28 
3 1 
28 
24 
23 
1 5 
1 n= 15) 
2 л = 23 
Placebo 
0 2 0 0 triclosan 
Ü 20n triclosan 
+ 
0 50 0 Jim titrate 
Placebo 
0 J " 0 zinc ι urate 
0 3° , /ine turate 
+ 
0 2"ι, triclosan 
t Gingiva] margin plaque units 
* Diflcrence between dual active dentifrice and the other two dentifrices statisticalh significant at 
/ , <003 
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Table 2 
Influence of initial plaqut level on activity of denitfrices containing triclosan, zinc citrale or combination of both 
Mean plaque growtht (with number of teeth) 
Initial 0.2% 0.5% 0.2% triclosan + 
plaque scorej Placebo triclosan zinc citrate 0.5% zinc citrate 
Nil 
Small (10-20) 
Medium (>20) 
23.0 (404) 16.8 (179) 
21.2 (107) 18.6 (34) 
26.0 (58) 28.2 (34) 
18.8 (195) 
17.3(66) 
17.8 (36) 
15.4 (385) 
15.1 (100) 
12.3 (69) 
f Gingival margin plaque units. 
mean tooth coverage of accumulated plaque 
when the suspension of the placebo was used 
over the 4-day period was 29.4%. The area 
of plaque following use of the test dentifrice 
was 20.4%. 
In the second study the dentifrice was ap­
plied undiluted via a cap splint. The average 
Plaque Index score when the placebo was 
used was 1.15. When the dual-active denti­
frice was used, a mean Plaque Index score 
of 0.65 was recorded. 
Discuss ion 
The addition of triclosan to the base tooth­
paste formulation (placebo) produced a sta-
% REDUCTION IN PLAQUE GROWTH 
fO * . <J) 
Ζ о о 
? ZERO 
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Fig. J. Influence of tooth state after brushing on 
inhibition of plaque growth as result of using den­
tifrices containing active agents alone or in combi­
nation. Effect is shown as percentage difference 
between placebo and test dentifrice from data 
shown in Table 2. 
tistically significant 2 0 % inhibition of over­
night plaque regrowth. A similar level of 
inhibition was observed when the zinc salt 
was added to the base formulation, and this 
confirmed the results of previous studies of 
dentifrices containing this agent (13). 
Combining the two agents in the same 
base dentifrice significantly improved its effi­
cacy. The antiplaque activity of the dual-
active dentifrice was slightly less than the 
combined activities of the two agents. This 
supports the view that the two agents do not 
adversely interact with each other in the 
dentifrice. 
Some insight into the relative roles of the 
two active agents has been obtained by con­
sidering their activity with respect to the con­
dition of the surfaces directly after applica­
tion. In the plaque regrowth studies, the teeth 
were cleaned by brushing and were not neces­
sarily totally plaque free. Tooth by tooth anal­
ysis reveals something of the effect of the denti­
frice on surfaces with varying amounts of 
plaque. Zinc had a small effect on plaque re­
growth on surfaces which had originally been 
clean, but it had a greater effect on surfaces 
initially associated with moderate amounts of 
plaque (13). This suggests that the major ef­
fect of zinc is to reduce the rate of bacterial 
proliferation in existing plaque. In contrast, 
triclosan had a greater effect on those surfaces 
which were plaque free after brushing, while 
its inhibition of plaque growth decreased with 
increasing amounts of existing plaque. This 
suggests that triclosan may be adsorbed to the 
tooth surface and either prevents bacterial 
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Table 3 
Effect of dentifrice containing both trielosan and cinc aírate on plaque accumulation during 4 da\s uithout toothbrushmg 
Plaque scores 
with Mandard error 
0 2% trielosan+ 
Placebo Û э " , zinc citrate Plaque scoring 
Rinse wiih 2 3 0 0 suspension 
Lndiluted dentifrice from cap splint 
29 4 
1 15 
2 9 
0 1 
2 0 4 2 7 
0 64 0 1 
Area 
Plaque inde* 
a d h e s i o n o r i n h i b i t s g r o w t h of t h e colonis ing 
b a c t e n a , a m o d e of a c t i o n s h a r e d by Chlor­
h e x i d i n e (21) T h i s c o m p l e m e n t a r y a c t i o n by 
the t w o a g e n t s is a d v a n t a g e o u s for a p p l i c a ­
tion in a denti f r ice T h e a c t n i t y d e m o n ­
s t r a t e d in single a p p l i c a t i o n studies cou ld be 
lost in m u l t i p l e a p p l i c a t i o n r e g i m e n s T h i s 
possibility was tested in t h e t w o r e g i m e n s used 
d u r i n g the 4-dav s tudies T h e s e r e g i m e n s dif­
fered w i t h respect to the m o d e of a p p l i c a t i o n 
a n d d e g r e e of d i l u t i o n of t h e dent i f r ice Both 
d e m o n s t r a t e d t h a t t h e test dentifr ices r e d u c e d 
p l a q u e a c c u m u l a t i o n c o m p a r e d to t h e pla­
c e b o 
It is c o n c l u d e d t h a t the inclus ion of the 
a n t i m i c r o b i a l a g e n t tr ielosan a n d m e t a l salt 
z inc c i t r a t e in a denti fr ice in s h o r t t e r m 
studies p r o d u c e s a denti f r ice w h i c h has 
e n h a n c e d a n t i p l a q u e activity c o m p a r e d to 
e i ther a g e n t used >>eparatel\ a n d w h i c h is 
efficacious in 4 dav studies 
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THE EFFECTS OF A DENTIFRICE WHICH CONTAISED \σο zinc citrate and 0 5% of a nonionic 
antimicrobial agent. 2 4 4' tnchloro-2'-hvdroxvdiphen\ I ether on plaque and gingival health 
have been investigated In a 4-dav nonbrushing studv in which dentifrices were used as 
slumes this dentifrice inhibited plaque accumulation significami) more than dentifrices 
which contained either zinc citrate or Tnclosan separately 
In a 28-day double-blind cross-over study, a significant reduction in plaque accumulation 
and improvement in gingival health was demonstrated for the test dentifrice compared to 
the placebo The effect was demonstrated with a group of well motivated volunteers who 
had a good standard of oral health Analysis of the data suggested that the benefit might be 
extended to a less motivated population 
A realistic penodomal health program must be im­
plemented if the ideals of 'oral health for all' adopted 
by the WHO' are to be achieved by the year 2000 Such 
a program has been suggested by Sheihanr and recog­
nizes the need for improved control of plaque to levels 
which would permit a functional dentition to be re­
tained throughout life 
The customary oral hygiene measure of toothbrush-
ing is not sufïicient by itself to provide the necessarv 
control of plaque As a result, chemical control of 
plaque has been suggested 1 
Since dentifrices plav a major part in evendav oral 
hygiene, it would appear reasonable to incorporate into 
them a chemical antiplaque agent In general, however. 
this has been dilTicult to implement There is only 
limited clinical evidence supporting the successful in-
corporation of antiplaque agents into dentifrices '^ 
These dentifrices have contained either stannous fluo-
ride or zinc citrate, both of these metal salts inhibit 
plaque growth 
ΟΓ the wide range ol antimicrobial chemicals that 
have been examined for antiplaque activity, the most 
effective have generallv been canonic matenals' and in 
particular the biguamdes. e g . Chlorhexidine Unfortu­
nately, Chlorhexidine, the most efficacious antiplaque 
agent, is inactivated bv dentifrice ingredients.7 and den­
tifrices which contain this agent exhibit reduced anti-
plaque activitv * A further disadvantage of canonic 
matenals has been the occurrence of local side efFects 
such as toothstaming" '" and mucosal desquamation " 
The disadvantages of canonic matenals severely limit 
their practical use 
Potential antiplaque activity of a nonionic antimicro­
bial agent, Tnclosan (2,4,4' tnchloro-2'-hydroxydi-
phenyl ether), which has good activity against a wide 
range of Gram-positive and Gram-negative organisms'2 
and has low loxicity,'·' was investigated Recent studies 
have demonstrated8 " that dentifrices which contain 
both zinc citrate and Tnclosan exhibit good antiplaque 
activity m vitro and m vivo. 
The purpose of the present investigation was to es­
tablish m human volunteers the antiplaque activity and 
the effect on gingival health of a dentifrice which con­
tained 1 % zinc citrate and 0 5% Tnclosan Two studies 
are presented In the first of these, the activity of a 
dentifrice which contained both agents was compared 
with the activities of (1) dentifrices containing zinc 
citrate or Tnclosan only or (2) a placebo In the second 
study, the effect of the dual-active dentifrice on plaque 
and gingival health dunng a normal toothbrushing 
regime of 28 days was investigated. 
MATERIALS AND METHODS 
The test dentifrice contained aluminium tnhydrate 
as the abrasive, the anticanes agent sodium monofluo-
rophosphate. anionic detergent, crystalline zinc citrate 
(l^c)* and Tnclosan (0 5%) t The placebo dentifrice 
was identical except for the exclusion of zinc citrate 
and Tnclosan The dentifrices were packed in identical 
tubes which differed only in respect to coding. 
" Slurge Ltd Birmingham England 
t Ciba Geig\ Manchester England 
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Mentadent (United Kingdom) toothbrushes were 
used in the gingival health study 
Experimental Test Subjects 
The informed consent of all volunteers was obtained 
pnor to their participation in the studies Both men 
and women within the age range of 20 to 50 years were 
represented Pereons who were pregnant, had acute 
infections, severe periodontal disease, or who were 
undergoing antibiotic or other antimicrobial therapy 
were excluded 
All studies were conducted double-blind and were of 
a cross-over design 
4-Day Plaque Accumulation 
The activity of dentifnces which contained zinc aí-
rate (1%) or Tnclosan (0 3%) or both was investigated 
over a 96-hour period, during which there was no 
toothbrushing The method used was that proposed by 
Addy et al l 5 
Twelve male and female volunteers aged between 20 
and 50 years participated The teeth of each participant 
were made plaque-free by diligent toothbrushing The 
absence of plaque was established by staining with 0 5% 
erythrosin Each participant was then provided with 
glass vials containing 3 gm of the allocated dentifrice, 
a 10-ml measure, and a small nickel spatula They were 
requested to add 10 ml of water to the vial and with 
the spatula mix the dentifnce into a slurry (23%) im-
mediately pnor to use The subjects nnsed twice daily 
with this slurry for 1 minute 
On the 5th day the plaque on the labial surfaces was 
disclosed with 0 5% erythrosin and assessed using the 
Extrinsic Stain Index16 modified for plaque by Stean 
and Forward " The participants used the dentifrices 
according to a randomized block design Normal tooth-
brushing was resumed for 10 days between tests of 
different test dentifrices, in order to eliminate any carry-
over effects 
28-Day Gingival Health Study 
The effect of the extended use of a dentifrice contain-
ing 1% zinc citrate and 0 5% Tnclosan on plaque 
accumulation and gingival health was then investigated 
The study was divided into two parts, i .e, a 4-week 
prestudy penod to reduce the influence of motivation 
and effects of the removal of supra- and subgingival 
calculus by professional cleaning, followed by a 10-
week expenmental penod During the prestudy penod, 
the participants used a placebo dentifrice The 10-week 
expenmental penod was divided into two 4-week pe-
nods, separated by a 2-week interval Dunng the two 
4-week expenmental penods, the participants used the 
test and placebo dentifrices in a double-blind cross-over 
design The 2-week interval was adopted in order to 
minimize the influence of carry-over effects 
Volunteers were screened pnor to participation in 
J Penodontol 
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the study The screening procedure was as follows The 
partial recording scheme recommended by Cowell et 
al " was used to select participants in whom the six test 
teeth were free of overt canes and of pockets that were 
greater than 3 5 mm in depth when probed with a 
World Health Organization probe Twenty males and 
28 females from the Unilever Research laboratory par-
ticipated No oral hygiene instructions were given but 
the participants were encouraged to use sufficient den-
tifrice to cover the head of the toothbrush (approxi-
mately 1 5 gm/application) 
Plaque was assessed using the Plaque Index (PLI) " 
Gingival inflammation was assessed by the Gingival 
Index (GI)" and the Bleeding Index suggested by Am-
arne 20 Assessments were done on the buccal, mesial, 
distal, and lingual surfaces of representative teeth (2 
molare, 2 premolars and 2 incisors) as suggested by 
Ram fjord : i Extnnsic staining on the labial surfaces of 
the incisor teeth was assessed using the method de-
scribed by Shaw and Murray " 
At the beginning of the pre-study penod the teeth 
were professionally cleaned to remove all traces of 
supra- and subgingival plaque and calculus The partic-
ipants were provided with placebo dentifrice and new 
brushes The teeth were also professionally cleaned at 
the second examination which formed the baseline for 
the first expenmental penod of the crossover The 
bleeding and plaque data recorded at this examination 
were used to allocate participants to one of two groups, 
so that two balanced groups were formed One group 
was provided with the test dentifnce and the other 
group with the placebo, each to be used for 4 weeks 
Following this penod, the clinical parameters were reas-
sessed and the placebo dentifnce was used by both 
groups for 2 weeks Clinical examination and profes-
sional cleaning preceded the second expenmental 
phase Each participant was then given their second 
dentifrice Finally, participants were again examined at 
the end of this penod 
Statistical Analysis 
In both studies incremental data were examined for 
statistical significance of treatment effects using two-
way analysis of vanance followed by the Duncan mul-
tiple range test. 
Results 
4-Day Plaque Accumulation 
The effects of slurries of the placebo and of the three 
test dentifnces on plaque accumulation after 96 hours 
are shown in Figure I On what had initially been clean 
surfaces, the mean area of plaque after placebo use was 
30 8 Plaque accumulation was significantly (P < 0 05) 
inhibited b> all three test dentifrices The dentifrices 
which contained either zinc citrate or Tnclosan exhib-
ited similar levels of antiplaque activity, resulting in 
57 
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plaque area values of approximately 26.0 and 25.7. 
respectively. The dentifrice which contained both these 
agents exhibited significantly ( Ρ < 0.02) greater activity 
than the single agent dentifrices, reducing plaque area 
to 15.3. This was SO'o of the placebo value. 
Gingival Health Study 
From the above results, the dentifrice which con­
tained both active agents was selected for a study of its 
effect on gingival health. Of 48 participants in the study. 
38 completed it. Data from these participants only have 
been analyzed. The 10 participants who failed to com­
plete the study did so for reasons unconnected with the 
investigation. 
Experimental Period 
Plaque Levels. At the baseline examination for the 
first experimental penod. the Plaque Index scores were 
0.68 for two matched groups (Fig. 2). The overall mean 
plaque values after the 4-week use of the dentifrices are 
shown in Figure 3. On what had initially been clean 
surfaces, the Plaque Index value associated with the 
placebo was 0.78. and the value after the test dentifrice 
was 0.56. The differences between test and placebo 
values on completion of the study was statistically 
significant ( Ρ < 0.01 ). 
Gingival Health. The mean Gingival Index scores at 
the end of the experimental penods are shown in Figure 
3. Following the use of the placebo, the mean GI value 
was 0.64. In contrast, the mean Gingival Index value 
was lower at 0 49 after the test dentifrice. The difference 
between the placebo and the test dentifrice was statis­
tically significant (Я-с 0.01). 
The proportion of gingival units which bled on gentle 
probing (Fig. 3) followed the general pattern observed 
for the Gingival Index. The groups were well balanced 
at the start of the first experimental penod. each exhib­
iting a Bleeding Index value of 0.38 (Fig. 2). This was 
maintained during the use of the placebo (Fig. 3) yield­
ing a mean final value of 0.38. A lower bleeding value 
(0.30) was observed following the use of the test denti­
frice. The 20% difference between the bleeding scores 
associated with placebo and test dentifrices was statis­
tically significant (ƒ" < 0.01). 
Additional Analysis. The data were further analyzed 
in order to investigate the relationship between the 
brushing ability of participants and the effect of the test 
dentifrices. Using the baseline data, participants were 
classified as having good, medium, or poor brushing 
ability, depending on whether the Plaque Index values 
at baseline were smaller than 0.5. 0.5 to 0.75. or higher 
than 0.75. This analysis (Fig. 4) revealed that the 13 
subjects unable to perform satisfactory toothbrushing 
(PLI > 0.75) benefited markedly from the use of the 
test dentifrice. The Gingival Index was reduced by 47% 
in this group, in contrast to a mean of 17% for the 
other two groups combined. 
Side Effects. No adverse reactions were observed on 
either the soft tissue or the teeth. 
DISCUSSION 
Both studies in this investigation demonstrated that 
the dentifrice containing zinc citrate and Tnclosan had 
significant antiplaque activity. 
Initial investigations into the clinical potential of 
dentifrices or mouthwashes can be complicated by large 
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Plaque and Bleeding Index were used to form t*o matched groups.) 
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Figure 3. The mean (and standard error) for Plaque Index. Gingival Index, and Bleeding Index values after 4 weeks use of placebo and test 
toothpastes Levels of statistical significance are P<0.0\. 
intersubject variation in toothbrushing or by motiva­
tional effects.22 The improvements observed through 
changes in these variables can be so large that any 
additional effects of an antiplaque dentifrice could be 
masked.23 This problem has been recognized by some 
workers,l5'7·24-25 who have suggested that the antiplaque 
potential of dentifrices, at least initially, could be esti­
mated in the absence of toothbrushing. The demonstra-
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tion of good activity would then encourage furthe; 
investigations into the effects of the dentifrice unde 
more realistic conditions of extended use. 
The potential antiplaque activity of the prototype 
dentifrice containing both active agents was first dem-
onstrated in a 4-day study. Both agents individually 
exhibited modest levels of antiplaque activity. The ef-
ficacy of zinc citrate observed in this investigation is 
consistent with previous reports which have described 
plaque inhibition by zinc salts-6"30 in either mouth-
washes or dentifrices. The antiplaque effect of the non-
ionic antibacterial agent Triclosan had not been ex-* 
amined previously in human studies. Muhlemann31 
investigated the activity of 1 % Triclosan solubilized in 
propylene glycol against caries and plaque in a rat study. 
A small reduction in the amount of plaque was ob-
served. The present findings support the view that this 
antimicrobial agent, which exhibits good activity in 
vitro against a wide range of organisms,12 has relatively 
limited antiplaque activity when used alone.14 Other 
unreported data suggest that the modest activity of 
Triclosan is unlikely to be a result of any adverse 
interaction with the ingredients of the dentifrice for-
mulations. since simple alcoholic solutions of the agent 
also exhibit only small effects on plaque. 
Combining the two agents within the same base 
formulation significantly improved the efficacy. The 
activity obtained by combining the two agents exceeded 
the sum of the activities of the individual agents. 
Whereas, the \% zinc citrate and 0.5% Triclosan each 
inhibited plaque accumulation by approximately 15%, 
a 50% reduction occurred when the dual-active denti-
frice was used. The present findings suggest that the 
0.5 / 0.75 
(brushing abiluvj and 
and Bleeding Index IB 
>0.75 
he effea of the test dentifrice The effect is expressed 
efficacy of the dentifrice might be greater as a result of 
repeated use than that predicted from the simpler test 
regimes which use single treatments.8 39 
The concept of combining two antimicrobial agents 
in one product has been examined previously in mouth-
washes. The results have been conflicting. Compton 
and Beagrie32 observed less antiplaque activity for a 
mouthrinse which contained benzethonium chloride 
and zinc chloride than for one which contained the 
quaternary ammonium compound alone. Similarly, 
Waler and Rolla33 reported reduced activity of Chlor-
hexidine when stannous fluoride was added. In con-
trast. some studies34 3:S have demonstrated improved 
plaque inhibition of hexetidine when zinc salts were 
added, and several recent studies36 37 have shown com-
patibility of cetyl pyridinium chloride and zinc chloride. 
The result of the present investigation supports the 
findings of these studies. It should be mentioned that 
Sprowels and Poe38 have claimed that some metal salts 
can potentiate the activity of certain antimicrobial 
agents. The present results show that this potentiation 
of antiplaque activity is applicable to dentifrices. 
The level of antiplaque activity observed in this study 
from the dentifrice containing the two agents was of 
particular interest in relation to the conclusion reached 
by Addy et al ." They compared plaque accumulation 
during the 4-day use of a number of dentifrices with 
that obtained from using water or a mouthrinse con-
taining 0.2% Chlorhexidine. The resulting data showed 
that with the dentifrices plaque accumulation was 10% 
to 15% less than with water, but Chlorhexidine mouth-
nnse further reduced plaque by between 50% and 78%. 
depending on the plaque scoring method. The authors 
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concluded that by companson with Chlorhexidine 
which is known to maintain gingival health, the denti­
frice eiTects on plaque-induced diseases must be doubt­
ful. 
The present study, based on a similar test design to 
that of Add y et al., has shown that plaque accumulation 
was 50% less with the dual-active dentifrice than with 
a typical fluoride dentifrice. This result thus justified 
the investigation into the possible therapeutic benefits 
of using this dentifrice. 
The 4-week study confirmed the antiplaque efficacy 
of the dual-active dentifrice, which reduced plaque to 
levels approximately 30% lower than those associated 
with the placebo. This activity was sufficient to bring 
about an improvement in gingival health under realistic 
conditions of dentifrice use. None of the local side 
effects reported to occur during the use of biguanides 
or quaternary ammonium compounds were encoun­
tered. The small amount of tooth staining which was 
observed was typical of extrinsic discolorations encoun­
tered within the population as a result of dietary influ­
ences. 
The absence of a clinical response during the prestudy 
period was unusual, since such a response is often 
encountered in clinical trials. After recruitment, partic­
ipants are usually motivated to improve their oral hy­
giene status and gingival health. This improvement 
would be enhanced further by professional cleaning to 
remove plaque and calculus. However, contrary to 
expectations no improvements in plaque or gingival 
health were observed during the prestudy penod. The 
most probable explanation for this is the choice of study 
participants. It might be expected that laboratory staff 
would be well motivated and possess generally a good 
standard of dental care. In the present study the mean 
Gingival Index values of 0.6 indicated that the gingival 
condition of the majority of participants could be de­
fined as healthy to mildly inflamed, according to the 
criteria used by Loe." 
This combination of relatively healthy gingivae and 
well motivated subjects mitigates against demonstrating 
therapeutic benefits of any treatment, since clinically 
significant improvements would be difficult to dem­
onstrate in these circumstances. 
The differential effect of the test dentifrice supports 
this view. The 13 subjects who exhibited plaque values 
greater than 0.73 at the beginning of the study had a 
greater gingival health benefit (47% improvement) than 
subjects starting relatively healthy (17% improvement). 
This observation suggests that the improvement in gin­
gival health demonstrated in this study for well moti­
vated participants should also be perceived in a popu­
lation liable to have worse gingival health. This sugges­
tion has been confirmed in a further study" in which 
participants exhibiting a worse standard of oral hygiene 
and gingival health were selected. In that study the dual 
active dentifrice reduced plaque accumulation and gin-
1 Pcnodontol 
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givitis by approximately the same amount as in the 
present study. 
In conclusion the present investigation shows that a 
dentifrice containing a nonionic antimicrobial agent 
and a zinc salt can inhibit plaque accumulation over a 
period of 28 days without causing adverse reactions. 
The improvement in plaque control was sufficient to 
bring about increased gingival health of a moderately 
motivated adult study group. 
ACKNOWLEDGMENTS 
The author wishes to thank Mr Τ Momson. Mrs H. Fraser, and 
Mrs A. Lloyd for their clinical support during the study. 
REFERENCES 
1. World Health Organization. Heallh for All. Senes 3. 1981. 
2. Sheiham. Α.: Promoting penodontal heallh-elTective pro­
grammes οΓ education and promotion Im Dem J 33: 182. 1983. 
3. Hull, Ρ S Chemical control of plaque J Clm Penodonlol 7: 
431. 1980. 
4. Svatun. В EfTect on plaque Гогтаиоп and gingival conditions 
οΓ self performed toothbrushing with a stannous fluonde/stannous 
pyrophosphate denufncc Tooth Surface Interactions and Preventive 
Dentistry, London. IRL 1981. 
5. Ba), I and Rolla. G Plaque inhibition and improved gingival 
condition by use of a stannous fluoride toothpaste ScandJ Dent Res 
88:313. 1980 
6. Saxton. С Α., Нагтар. G. J., and Lloyd. A. M.: The efTect of 
dcmifnce containing zinc citrate on plaque growth and oral zinc 
levels. J Clm Penodonlol. 13: 301. 1986 
7 Dolles. О К., and Bonesvoll. Ρ L. In vivo retention of 
Chlorhexidine (CH) from a dentifrice containing CH and nuonde 
(Abstr lTi)J Dent Res ¡Л-.гЫ. 1978. 
8 Gjermo. Ρ and Rolla, G.. The plaque-inhibiting effect of 
chlorhexidinc-conlaining dentifrices. Scand J Dem Res 79: 126,1971. 
9. Flotra, L.. Gjermo. P., Rolla. G., and Waarhaug. J.: A 4-
month study on the effect of Chlorhexidine mouthwashes on 50 
soldiers Scand J Dem Res SO: 10. 1980 
10 Lang. N P. The implications of antiseptics, antibiotics, en­
zymes and vaccines in plaque control Efficac\ of treatment Proce­
dures in Periodontics, pp 57-76. Chicago Quintessence Publishing 
Co. Inc. 1980 
11 Bergenholtz. Α.. and Hanstrom. L.. The plaque inhibiting 
efTect of hexetidinc (Oraldene) mouthwash compared to lhat of 
Chlorhexidine Communitx Dent Oral Epidemiol 2: 70. 1974 
12 Funa. J. E.. and Schenkel. A. G . New broad spectrum bac-
tenostat. Soap and Chemical Specialities. Jan 47. 1968 
13 Ciba-Geigy bulletin No. 2501. 1972 
14. Saxton. С A . Lloyd. A. M.. and Svatun. В.. The antiplaque 
effects of a denufncc containing zinc citrate and a nonionic antimi­
crobial agent J Dent Res. submitted for publication 
15 Addy.M. Willis. L .and Moran. J.: ЕПесі of toothpaste nnses 
compared with Chlorhexidine on plaque formation dunng a 4-day 
penod J Clm Penodonlol 10: 89. 1983. 
16. Shaw, L.. and Murray, J. J.. A new index for measuring 
extnnsic stain in clinical tnals. Commumtv Dent Oral Epidemiol S: 
1. 1977. 
17. Stean.M.. and Forward. G С.'Measurement of plaque growth 
following toothbnishing Commumn Dent Oral Epidemiol 8: 420, 
1981 
18 Cowell. С R.. Saxton, С Α.. Sheiham. Α.. and Wagg, B. J. 
Testing therapeutic measures for controlling chronic gingivitis in 
man- a suggested protocol J Clin Penodonlol 1: 231. 1975 
19 Loe. Η The Gingival Index, the Plaque Index and Retention 
Index syslems J Pcnodontol 3&. 6J0. 1967 
61 
Ыилк 57 
Number 9 Effects of a lest dentifrice 561 
20. Ainamo. J., and Bay. 1 : Problems and proposals Tor recording 
gingivitis and plaque. Im Dem J 25: 229. I97S. 
21. Ram fjord. S. P.. Indices for prevalence and incidence of 
periodontal disease. J Perwdtmiot 30: 51. 1959 
22. Moser. С Α.. and Kalton. G. (eds) Sune\ Methods m Social 
ln\esttgations. ed 2. London. W M Heinemann. 1971 
23. Fischmann. S . Picozzi. Α.. Cancro. L. and Pader. M.. Influ­
ence of a Chlorhexidine and a zinc mouthnnse on gingivitis J Peno-
domol 46:710. 1975. 
24. Svatun. В Plaque-inhibiting effect of a dentifrice containing 
stannous fluoride. Acta Odoniol Sc and 36: 205. 1978. 
25. Harrap. G J Assessment of the еПеп of dentifrices on the 
growth of dental plaque. J Clin Penodomol 1: 166. 1974 
26. Rschmann. S L . Picozzi. A . Cancro. L D. and Pader. M.: 
The inhibition of plaque in humans bv two expenmental oral nnses 
J Penodomol 44: 100. 1975. 
27. Addy. M . Richards. J . and Williams. G · EITect of a zinc 
citrate mouthwash on dental plaque and salary bactena J Clin 
PerwdomolT. }09. 1978. 
28. Schmid. M. L.. Schalt. Α.. and Muhlemann. N R.. EITect of 
a zinc chlonde mouthnnse on calculus deposits formed on foils Helv 
Odonlolll:22. 1974. 
29. Harrap. G. J.. Saxton. С Α.. and Best. J. S.' Inhibition of 
plaque growth by zinc salts. J Periodont Res 18: 634. 1984. 
30 Harrap. G. J . Best. i. S.. and Saxton. С Α.. Human oral 
mention of zinc from mouthwashes containing zinc salts and its 
relevance to dental plaque control. Arch Oral Biol 29: 87, 1984. 
31. Muhlemann. Η ' Chlorhexidine. Vantrocil. Fluorophene and 
Antimycotic agents in an animal canes lest Hek Odoniol Acta 17: 
99. 1973. 
32 Compton. F H., and Bcagne. G S.. Inhibitory effect of 
benzethonium and zinc chlonde moulhnnses on human dental 
plaque and gingivitis. J Clin Penodomol 2: 33. 1975. 
33. Waler. S. M.. and Rolla. E.. Plaque inhibiting effect of com­
binations of Chlorhexidine and mental ions, zinc and tin. Acta Odoniol 
Scandì»: 213, 1980. 
34. Muhlemann. H · Auf dem Weg zum Sauberen Zahn? SKISS 
Demi:!. 1981. 
35 Saxer. V. O.. and Muhlemann. H. Synergistic antiplaque 
effects of a zinc fluonde/hexetidine containing mouthwash. A review. 
Helv Odoniol Acta 27: 1, 1983. 
36 Ritchey. T. W . Lamster. I В.. Mann. Ρ Η., and Alfonso. M 
С. The effect of zinc chlonde on the development of gingivitis in 
beagle dogs treated with cetylpyndimum chlonde. J Dem Res 61: 
1217. 1982. 
37 Ashley. F. Ρ. Skinner. Α.. Jackson. Ρ Y., and Wilson. R F 
Effect of a 0.1% cetylpyndimum chlonde mouthnnse on the accu­
mulation and biochemical composition of dental plaque in young 
adults. Canes Res 18: 465. 1984. 
38. Sprowels. J В.. and Рос. С. F.. A study of the germicidal and 
bactenostatic properties of some commonly used antiseptics in com­
bination with astnngent substances. J Am Pharm Assoc 2: 33. 1943 
39. Saxton. С Α.. Lane. R. M., and van der Ouderaa. F.. The 
effects of a dentifnce containing a zinc sait and a non-catiomc 
antimicrobial agent on plaque and gingivitis. J Clin Penodomol. 
accepted for publication. 
Send repnnt requests to' С A. Saxton. Gibbs Dental Division. 
Unilever Research. Port Sunlight Laboratory. Quarry Road East. 
Bebington. Mereevside. L633JW. United Kingdom 
62 
CHAPTER 5 
The effects of a Dentifrice containing a Zinc salt and a non 
cationic Antimicrobial agent on Plaque and Gingivitis. 
J Clinical Periodontol (1987) 14 144-148 
63 
The effects of a dentifrice 
containing a zinc salt and a non-
cationic antimicrobial agent on 
plaque and gingivitis 
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containing a zinc salt anda non-cationic antimicrobial agent on plaque and gingivitis. 
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Abstract. The antiplaque potential of metal salts in mouthwashesOr dentifrices 
has been previously demonstrated. The purpose of the present investigation was 
to establish the effects on plaque and gingival health of a dentifrice which 
contained a combination of the metal salt, zinc citrate, and the anti-microbial 
agent, Tridosan. Plaque growth was reduced by a dentifrice which contained 
either zinc citrate or tnclosan, but greater inhibition was achieved with dentifrices 
which contained both agents. A 4-day non-brushing study in which slurries of 
the dentifrice were used, confirmed that the test dentifrice which contained 1 % 
zinc citrate and 0.5% Tridosan reduced the accumulation of plaque by SO*/·. In 
a double-blind crossover study of 28 days duration, a significant reduction in 
plaque accumulation and an improvement in gingival health was demonstrated 
for the test dentifrice compared to the placebo. Further analysis of the data 
indicated that the dentifrice was most efficacious for participants who brushed 
ineffectively. Also, the greatest benefit was obtained by subjects that used the 
largest amount of dentifrice. 
Key wort)·: Clinical trial -
- dvntiffica - zinc. 
plaqu· - glngivltla 
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Toothbmshing is not always efTective in 
removing plaque and maintaining gin­
gival health. Inhibition of plaque by 
antimicrobial agents has therefore been 
proposed (Löe 1970, Amamo 1977, Hull 
1980) to supplement toothbmshing. 
Antimicrobial agents which have been 
successfully used m this rôle (eg antisep-
tics) have usually been incorporated 
into mouthwashes, because these agents 
are often incompatible with some of the 
ingredients of dentifrices (Haugen et al. 
1974, DoUes & BonesvoU 1978). More-
over, many of the efficacious chemicals 
can cause staining of the teeth. 
Metal ions such as tin and zinc have 
exhibited antiplaque activity in 
mouthwashes (Schmid et al. 1974) and 
dentifrices (Bay & Rolla 1980, Svatun 
1981) and are without the marked side 
effects of cationic antiseptics. Also, the 
addition of some antiseptics (eg hexet-
idinc) to mouthwashes containing anc 
increases efficacy (Mühlemann 1981). 
The concept of combining a metal salt 
and an antimicrobial agent in a denti-
frice has now been tested. This paper 
describes studies of the effect on plaque 
and gingival health of a dentifrice which 
contained zinc citrate and the nonionic 
germicide, Tridosan. Zinc citrate was 
known to have antiplaque properties 
and to be compatible with the normal 
ingredients of a modern dentifrice (Sax-
ton et al. 1986) Tnclosan (2,4,4'-tn-
chloro-2'-hydroxydiphenyl ether) has 
good activity in vitro against both 
gram-positive and gram-negative or-
ganisms (Funa & Schenkel 1968). 
2 pilot studies preceded the gingival 
health study. In the fint, the relation-
ship between concentration and activity 
of the two antiplaque agents was inves-
tigated. In the second, the opumum 
concentration of the agents over a short 
period without toothbmshing was es-
tablished. 
Material and Mathoda 
The test dentifrices contained alu-
minium tnhydrate, sodium monofluo-
rophosphate, anionic surfactant, 0.S or 
1.0% of crystalline zinc citrate trihy-
drate (Sturge, Birmingham UK) and 
0.2, 0.5 or 0.6% Tridosan (Ciba Geigy, 
Manchester UK). The placebo denti-
frice was identical except that it con-
tained neither zinc citrate nor Tridosan. 
Participants in the tests were male and 
female volunteers ш the age range 18 to 
50 yean. Their informed consent was 
obtained prior to the studies. Persons 
who were pregnant, had acute infections 
or severe periodontal disease, or who 
were undergoing antibiotic or other 
antimicrobial drug therapy were ex-
duded. 
Experimental 
The 3 studies were conducted double-
blind. 
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Pilot «tudyl 
The relationship between the concen­
trations of zinc atra te and Tnclosan m a 
dcnufnce and the effect which brushing 
with the dentifrice had on subsequent 
plaque growth was investigated Test 
dentifrices containing four different 
amounts of Tnclosan combined with 
two different amounts of zinc citrate 
(i e, 8 dentifrices) and the placebo den­
tifrice were compared m a randomised 
test 21 persons first cleaned their teeth 
with a simple abrasive paste to remove 
plaque They then brushed for one min­
ute with 1 5 g of a test or placebo denti­
frice Plaque at the gingival margin was 
disclosed with 0 5% erythrosin and as­
sessed by the gingival margin plaque 
index (Harrap 1974) Plaque growth 
was defined as the increase in plaque 
dunng the following 16 h, in which par­
ticipants abstained from any oral hy­
giene 
Pilot ttudy 2 
The effects on plaque accumulation 
were compared when twelve partici­
pants abstained from tooth brushing for 
four days but nnsed twice daily with 
23% suspensions of the placebo, or of 
a dcnufnce containing 0 5% zinc citrate 
and 0 2% Tnclosan or of one cpntaining 
1% zinc citrate and 0 5% Tnclosan 
Both test dentifrices and the placebo 
were used according to a randomised 
block design Plaque on the labial sur­
faces of teeth after each four-day test 
penod was disclosed and scored by the 
Extrinsic Stain Index (Shaw & Murray 
1977) 
Clink«! study 
The effect of the extended use of a denti­
frice containing 1% zmc citrate and 
0 5% Tnclosan on plaque accumulation 
Table 2 Mean plaque area (and standard error of the difTerence) after 4 days of twice daily 
nnsing with 13 g of slurries of placebo and lesi dentifrices number of subjects-12 
Dentifn« Plaque area 
Siaustical significaocc 
с f placebo 
placebo 
0 2·/. Tnclosan'0 5V. ZCT 
0 5%Tnclosan/l·/. ZCT 
294 
20 4(2 1)" 
14 5(2 1 )" · 
001 
0 001 
" DilTerenct between lest and placebo siaustically significant al Р<0й\ 
"' DilTerence between test and placebo statistically significant at Ж 0 001 
and gingival health was investigated 
20 males and 29 females aged be­
tween 23 and SS years participated in 
the study 41 participants completed the 
study The 8 who failed to complete it 
did so for reasons unconnected with the 
study The participants were selected on 
the basis of the six teeth suggested by 
Ramfjord ( 1959) being free of untreated 
canes, or having associated pocket 
depths of greater than 3 5 mm when 
probed using the CPITN probe They 
also exhibited at least a minimal level 
of gingival inflammation ( > 7 bleeding 
points out of 24 sites) to allow the dem­
onstration of any improvement 
The study was divided into two parts, 
ι e , a 4-week pre-study penod (to re­
duce the influence of motivation and 
professional cleaning) and a 10-week ex­
perimental penod The 10-week expen-
mental penod was further divided into 
two 4-week penods separated by a 2-
week interval Dunng these 4-week pen­
ods, participants used the test and pla­
cebo dentifrices m a crossover design 
experiment The 2-week interval mini­
mised carryover effects The teeth were 
professionally cleaned at the start of the 
pre study penod and each of experimen­
tal penods No oral hygiene mstrucQons 
were given, but participants were en­
couraged to use sufTicient of the denti­
frices to cover the head of the tooth­
brush (approximately 1 5 g) 
Plaque was assessed using the Plaque 
Index (Silness & Löe, 1964) on the buc-
Table 1 The elTect of dentifrices containing vanous amounis of zinc aírate and Tnclosan on 
tbc mean (and standard error of the difTerence) regrowth of gingival marginal plaque over a 
penod of 16 h, number of subjectS"21 
Tnclosan 
·/. 
0 
02 
06 
0 
26 8 
ND 
19 5 (3 3)· 
Zinc aírale '/· 
05 
19 6 ( M e -
n i (16) ·" 
17 7(2 5)" 
10 
18 1 (1 8)"· 
14 6(2 0)"· 
12 1 (2 3)"· 
• DifTerence beiwcen lest and placebo stausucally significani ai P<00i 
" DifTerence between test and placebo stausucally significan! ai P<0 01 
· " DifTeience between test and placebo stausucally significani at P<0 001 
ND not deienzuned 
cal mesial, distal and Ungual surfaces 
of the six representative teeth Gingival 
inflammation was assessed by the gin-
gival index (Löe 1967) and the bleeding 
index (Amamo & Bay 1975) Pocket 
depths were measured using plastic 
stnps I 0 mm m width and graduated 
at 0 5 mm intervals (Smith 1975) The 
data from the end of the pre-study pen-
od were used to form 2 groups balanced 
with respect to bleeding points and 
plaque The test and placebo dentifrices 
were recalled at the end of each experi-
mental penod of prevent incorrect use 
and to assess the quantity used 
In all 3 studies, incremental data were 
examined for statistical significance of 
treatment effects using 2-way analysis 
of variance followed by the Duncan 
multiple range test. 
Reaulti 
The results from pilot studies I and 2 
are shown in Tables I and 2, respect-
ively Dentifrices which contained both 
zinc citrate and Tnclosan reduced 
plaque growth more than those which 
contained only one of these agents The 
dcnufnce with the highest concen-
trations of zinc citrate and Tnclosan 
had the greatest antiplaque effect in 
both pilot studies Based on these re-
sults, a dcnufnce with 1% zinc citrate 
and 0 5% Tnclosan was selected for the 
clinical study 
Clinical itudy - gingival haalth 
At the beginning of the test penod, the 
basebne plaque index scores of the two 
matched groups of participants was 
0 77, and the mean gingival index was 
0 99 Table 3 shows the plaque scores 
and gingival index values of the 2 
groups at the end of each of the 4-week 
experimental penods 
The plaque index was 0 91 after each 
4-week penod of using the placebo and 
0 67 after each corresponding penod of 
using the lest dcnufnce The difference 
between these 2 plaque index values was 
I M Saxlon. Lane and Ouderaa 
Table 3 The mean (and standard error of the difTerence) of the plaque, gingival and bleeding 
indica for each 4-week expenmental penod and for the overall study (л«41 ) for both 
denufnces 
Π 0O0D BBUSMNG 
• POOB BRUSHING 
End of fini 
expenmental 
penod 
End of second 
expenmental 
penod 
Mean of total 
group 
Plaque index 
placebo 
test denufnce 
stat. Jigmf P< 
Gmgnal index 
placebo 
test denufnce 
nat Jigmf P< 
Bleeding index 
placebo 
lest denufnce 
naL agmf P< 
0 91 
0 67 
0 05 
0 92 
0 75 
006 
049 
0 39 
009 
091 
0 67 
0 05 
0 93 
0 71 
0 01 
0S4 
0 42 
0 01 
091 
0 67 
0001 
0 92 
0 73 
0 001 
051 
041 
0 001 
(0 05) 
(0 05) 
(0 03) 
statistically significant At the end of 
each 4-week expenmental penod, the 
gingival index score was 0 92 after par-
ncipants had been using the placebo 
and significantly lower at 0 73 after they 
had been using the test denufnce 
Table 3 shows the porporuon of gin­
gival units which bled after gentle prob­
ing These results followed the pattern 
observed for the gingival index After 
the expenmental penod of use of the 
test denufnce. the bleeding index mean 
value was significantly lower (041) than 
it was after corresponding use of the 
placebo (0 SI) 
Over the 4-week expenmental pen-
ods, neither the placebo nor the test 
denufnce had a significant effect on 
pocket depth 
Further analy·!· ot data - №· Inlluenc· of 
brushing afllctoncy and amount ol dentttrie· 
UMd 
Data from the studies were further ana­
lysed after participants had been classi­
fied as having either good or poor natu­
ral oral hygiene, depending on whether 
their nonna) plaque index values were 
respectively less or greater than 0 9 at 
baseline This value was the median 
plaque index after using the placebo 
When brushing technique was good the 
placebo and test dentifrices had similar 
effects on plaque levels (Table 4) In 
contrast, when brushing technique was 
poor, there was a marked difTerence be­
tween the plaque index associated with 
the placebo (I 3) and that associated 
with the test denufnce (0 79) There was 
a similarly marked difTerence between 
the gingival indices when brushing was 
poor, ι e , 1 07 after use of the placebo 
and 0 76 after the test denufnce 
The amounts of denufnces used per 
brushing were readily calculated from 
the amounts returned by the 39 partici­
pants who returned what remained of 
their supplies and the claim by more 
than 90% of participants that they 
brushed twice daily Three categories of 
people were thus identified, namely 
those who used small ( < 1 2 g), medium 
(1 2 to 2 g) or large ( > 2 g> amounts 
of denufnce for each brushing Table 5 
shows the mean plaque index and gin­
gival index for participants in each of 
these categories, following use of the 
SMALL MEDIUM LARGE 
OUAWTTTY OF DENTIFRICE 
fis I The influence of brushing ability and 
the quantity of denufnce used on the rc-
ducuon ш plaque accumulauon 
placebo and test denufnces The quan­
tity of placebo paste used did not influ­
ence cither Index value However, the 
difference between the values associated 
with the placebo and the corresponding 
values associated with the test denufnce 
increased as greater amounts of test 
denufnce were used 
Data were further analysed to deter­
mine the combined influence of brush­
ing ability and amount of denufnce 
used on the effect of the test dentifnce 
The data shown in Figs 1, 2 are the 
% differences between the denufnces 
Each column contains data from 6 to 8 
subjects The data show that persons 
who practice good brushing technique 
and use small to medium amounts of 
denufnce had similar plaque and gin­
gival index values after both denufnces 
Table 4 The mean (and standard error of the difreienoe) plaque index and gingival index 
values according to natural loothbmshing ability 
Plaque index Gingival index 
gooc brushing 
(л-22) 
poor brushing 
(л-19) 
good 
brushing 
poor 
brushing 
placebo denufnce 
test denufnce 
sut sigmf P< 
0 57 
0 56 
NS (0 05) 
I 30 
0 79 
0 05 (0 06) 
0 75 
0 67 
NS(0 06) 
107 
0 76 
0 05(0 1) 
Subjects defined as having a good technique when using the placebo had a plaque index of 
<0 9O Subjects defined as having a poor ability had a plaque index of > 0 90 
Table 5 The relationship between the quantitv of dentifnce used over the test penod and the 
clinical efTects 
placebo dentifnce 
lest denufnce number of subjects 
stat signif P< 
standard error of the difference 
Plaque indei 
small medium 
081 094 
0 67 0 69 
13 12 
NS 0 05 
(0 09) (Oil) 
large 
090 
0 53 
14 
0 02 
(0 09) 
Gingival index 
small 
0 89 
0 74 
13 
NS 
(0 1) 
medium large 
0 92 106 
0 65 0 59 
12 14 
0 05 0 001 
(0 07) (0 13) 
The subjects were classified as users of small ( < I 3 g) medium (1 3-2 0 gj or large ( > 2 g) 
amounts of dentifnce 
66 
Antiplaque dentifrice and gingival health 147 
Π GOOD BRUSHING 
• POOR BRUSHING 
SMALL MEDIUM LARGE 
OUAMTTTY OF DEOTIFRICE 
Fig 2 ТЪе influence of bmstung ability and 
the quantity of dentifrice used OD the im­
provement in gingival health 
Where large quantities of product had 
been used, a difTerence of 32% in the 
levels of plaque was observed between 
the two dentifrices The greatest re­
duction in plaque occurred for those 
persons with poor brushing ability who 
brushed with the largest quantities of 
dentifrice 
Dlscuulon 
This investigation of 4 weeks duration 
has shown that plaque accumulation 
can be reduced and gingival health im­
proved by the use of a dentifrice con-
taimng 1% a n c citrate and 0 5% 
Tnclosan 
Previous human studies of dentifrices 
containing antiplaque ingredients have 
been undertaken using students (Johan-
seneta l 1975, Etemadzadehetal 1985) 
or young adults (Bay &. Rolla 1980, Sva-
tun 1981) These studies were thus con­
fined to the younger sector of the popu-
lation It would be expected that irre­
versible periodontal damage would be 
minimal among this age group, and the 
tissue response to therapeutic treatment 
would be greater than for an older 
group (Holm-Pederscn et al 1975) In 
the present study, the group was com­
posed of both sexes, with age ranges 
between 25 and 50 years The exclusion 
entena of healthy gingiva or deep pen-
odontal pockets did not apply to more 
than 10% of the initial volunteers 
Thus, this study group could be con­
sidered to be representative of the adult 
population and the findings applicable 
to a wide range of individuals 
Moreover, the crossover design of the 
study enabled the influence of factors 
such as brushing habits to be examined 
Two components of the brushing regime 
were identified as influencing the effect 
of the test dentifrice It was shown that 
the improvements in plaque and gin­
gival health were correlated with in­
creasing quantities of the dentifrice used 
dunng brushing This would suggest 
that the effect was dose-dependent, as 
greater amounts of the antimicrobial 
materials would be applied to the oral 
tissues A similar dose dependency was 
demonstrated for Chlorhexidine by 
Cumnung & Loe (1973) who observed 
that the larger volumes of mouthwash 
used were the more efficacious 
A second factor examined concerned 
the efficiency of 'normal' toothbrush-
ing Subjects who had a good brushing 
technique possessed a level of gingival 
health which did not significantly ben­
efit from the test dentifrice In contrast, 
for subjects with a less satisfactory 
brushing technique the test dentifrice 
reduced plaque and gingivitis consider­
ably Such subjects must be considered 
to be most at nsk and are in greatest 
need of therapeutic aids for maintaining 
healthy gingiva The finding of this 
study suggests that appreciable benefits 
might occur if these subjects could be 
encouraged to use greater amounts of 
a therapeutic dentifrice If the findings 
above are accepted, albeit from a lim­
ited amount of data, it suggests that a 
considerable proportion of the popu­
lation might benefit from the active den-
tifnce 
The 2 pilot studies demonstrated that 
the antiplaque activity was dependent 
on the concentrations of both agents 
Compared to its placebo, the demifnce 
selected for clinical tesung reduced 
plaque accumulation by 50% in the 4-
day non-brushing regime This level of 
activity was of particular interest in re­
spect of the conclusions reached by 
Addy et al (1983), who compared the 
plaque growths following the use of a 
number of dentifnces with those follow­
ing a water or a 0 2% Chlorhexidine 
rinse 
Compared to the dentifnces exam­
ined, Addy et al (1983) found that the 
Chlorhexidine mouthwash reduced 
plaque accumulation by 50-75% and 
stated that the dentifnces they exam­
ined were unlikely to possess thera­
peutic activity The findings of the pres­
ent investigation support the view that a 
dentifrice exhibiting good activity (e g , 
similar to Chlorhexidine) in the non-
brushing regime can produce thera­
peutic benefits of clinical significance 
The selection of the two acuve in­
gredients was based on the known anti­
plaque activity of nnc salts (Fischman 
et al 1975, Harrapetal 1984, Saxton et 
al 1986) and the wish to avoid canonic 
antiseptics with their known side effects 
Zinc exhibits antiplaque properties 
similar to those of other metal ions such 
as tin (Skjorland et al 1978, Svatun 
1981) and copper (Oppermann et al 
1980) When used alone, metal salts 
bave exhibited moderate antiplaque ac­
tivity (Addy et al 1978, Mühlemann 
1981, Svatun 1978) Although the anti-
microbial properties of Tnclosan have 
been known for some time (Funa &. 
Schenkel 1968), its potential as an anti-
plaque agent has received limited atten-
tion Mühlemann (1973) studied the ef-
fect of 1 % Tnclosan in propylene glycol 
on plaque and canes in the rat Al-
though fissure canes was not affected, 
small reductions in smooth surface car-
ies and plaque were observed The pilot 
studies in this investigation have con-
firmed that Tnclosan alone exhibits 
only moderate antiplaque activity A 
substantial effect, e g , 50% inhibition, 
is achieved only when the two active 
agents are combined This investigation 
has demonstrated that the combination 
of a n c citrate and Tnclosan in a con-
ventional dentifnce can significantly re-
duce plaque accumulation and improve 
gingival health over a penod of 4 weeks 
without adverse reactions 
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Zusamnwnlanung 
Die Effètti einer Zahnpaste, tue em ZinkjaJz 
und евип mcht-каіюпеп, antimtkrobtelíen 
Wirkstoff gegen Plaque und Gingivitis enthält 
Das anti-Plaque Potential von Metallsalzen 
als Zusatz zu Mundspüllösungen oder Zahn-
pasten ist bereits früher beschrieben worden. 
Mit der hier vorliegende Untersuchung wird 
beabsichtigt, die Wirkungen einer Zahnpaste 
nut dem Zusatz von einer Kombination von 
Mctallsalz, Zmkatrat und dem antimikro-
btellen Wirkstoff Tndosan festzustellen. Das 
Wachstum der Plaque wurde durch Zahnpa-
sten verringert, die entweder Zinkzitrat oder 
Tndosan enthielten. Eine höhere Inhibition 
wurde jedoch mit Zahnpasten erreicht, die 
beide Wirkstoff zugleich enthielten. Eine 4-
Tage lange Studie, bei der d» Zähne nicht 
geputzt wurden, sondera wässerige Lösungen 
der Zahnpaste zur Anwendung kamen, bestä-
tigte, dass die Test-Zahnpaste nut einem I%-
gen Zinkzitnt- und 0.5 •/•-gen Tridosanzu· 
satz one 50%-ge Reduktion der Plaquean-
sammlung ermchtc. Eine doppdbhnde, ge-
kreuzte Studie von 28-tägiger Dauer konnte 
dann die signifikante Reduktion der Pla-
queansammiung und eine Verbesserung der 
Zahnlleuchgesundheit durch die Test-Zahn-
paste, un Vergleich zu einem Plazebo, demon-
stneren. Die weitere Analyse der Daten zag-
te, dass die Zahnpaste bei nicht-eíTektiv put-
zenden Versuchspersonen ihre beste Wirkung 
entfaltete. Weiterhin wurde der grossie Nut-
s n bei solchen Versuchspersonen beobach-
tet, die die höchsten Mengen der Zahnpaste 
verbrauchten. 
Résum· 
Effets d'un dentifrice contenant un sel de zinc 
et un agent aniimicrobien non-canonique sta-
la plaque et la gingivite 
Le potentiel antiplaque de sels métalliques 
dans des bains de bouche ou des dentifrices 
a été démontre précédemment. Le but de la 
presente étude était d'établir les effets sur la 
plaque et Peut gingival d'un dentifrice conte-
nant une combinaison du sel métallique, ci-
trate de zmc et de l'agent antimicrobien: 
Tndosan. La croissance bactérienne était ré-
duite par l'utilisation d'un dentifrice conte-
nant soit le citrate de zinc soit le Tndosan, 
mais une inhibition superieure était atteinte 
avec des dentifrices contenant les deux 
agents. Une étude de quatre jours a démontre 
qu'un dentifnce contenant 1% de citrate de 
zinc et 0.5a/· de Tnclosan réduisait l'aocumu-
lation de plaque de 50%. Dans une etude 
croisée ai double aveugle durant 28 jours. 
une réduction signiñcative des indices de pla-
que et de genave a été démontrée suite а 
l'utilisation du dentifrice test lorsqu'on com­
parait les résultats avec ceux obtenus en utili-
sant un placebo Une analyse plus poussée 
des données a indiqué que le dentifnce était 
le plus efficace chez les patients brossant im-
proprement De plus, les meilleurs résultats 
étaient enregistres chez les sujets consom-
mant le plus de dentifnce 
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Abstract. The purpose of the present investigation was to test the concept that a 
dentifrice containing zinc citrate and Triclosan could maintain gingival health. The 
gingival health of 101 young predominately female student nurses in Oslo was 
brought to a high level by professional cleaning supported by oral hygiene 
instruction. The cntenon of gingival health was <,5 elicited bleeding sites from 
a full mouth assessment The mean bleeding value attained for the whole group 
was 3.S 2 balanced groups were formed, based on the initial number of elicited 
bleeding sites and plaque values One group used the test dentifrice and the other 
group the placebo for 6 months, with an intermediate assessment after 3 months 
The placebo group failed to maintain the standard of oral hygiene and gingival 
health that had been achieved by professional care In contrast, the group using 
the test dentifrice for 6 months exhibited similar levels of plaque and gingival 
health to that observed at baseline following oral hygiene instruction. After 6 
months. < 7% of the subjects in the placebo group possessed healthy gingivae in 
contrast to 60% of the test group Thus л dentifrice containing a zinc salt and 
nonionic germicide had successfully maintained gingival health in a group of 
young adults. 
Key words Gingival Health -
dentifrice 
maintenance -
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Lóe et al. (1965) and others established 
the importance of plaque in the aeti-
ology of gingival inflammation They 
also demonstrated that reinstatement of 
thorough tooth-cleaning after a period 
of less efTective cleaning could result in 
the re-establishment of healthy gingi-
vae Plaque control is now a recognised 
prerequisite of gingival health, and a 
number of chemotherapeutic agents 
(Hull 1980. Lang 1980) and plaque pre-
vention programmes (Jenkins 1983) 
have been investigated 
Whilst some prevention programmes 
have been very successful, notablv those 
of Axelsson et al (1974. 1978). others 
have been less successful in demonstrat-
ing a prolonged benefit when pro-
fessionally administered oral hygiene 
was withdrawn (Tan & Saxton 1978 
Horowitz et al 1977. King et al 1985) 
Important elements of such care pro-
grammes are motivation and the use of 
correct hygiene procedures by the par-
ticipants Studies by Suomi et al (1971) 
have indicated that these essential re-
quirements cannot always be maintain-
ed at a sufficiently high level to sustain 
a high degree of oral health, unless oral 
hygiene instruction is regularly re-
inforced (Zickert et al 1982) 
Chemically assisted plaque control to 
supplement dental care programmes has 
obvious ment and many antimicrobial 
agents, representing a wide range of ma-
terials. have been investigated for their 
antiplaque potential (Gjermo et al 
1970) The most effective have generally 
been canonic agents, and in particular 
biguamdes. e g . Chlorhexidine How-
ever. local side-effects such as staining 
of teeth (Loe & Schiotl 1970. Flótta 
et al 1971. Eriksen & Gjermo 1973. 
Bergenholz & Hanstrom 1974) have un-
doubtedly prevented the widespread use 
of these agents 
The purpose of the present study was 
to lest the concept that good gingival 
health can be maintained by the use of 
a prophylactic dentifrice in the absence 
of reinforced oral hygiene instruction 
The gingivae of a group of young. 
health conscious volunteers »ere 
brought to an excellent state of health 
by professional cleaning and oral hy-
giene instruction The potential of a 
dentifnce containing zinc and Tnclosan 
to maintain this state over a penod ot 6 
months after withdrawal of professional 
involvement was investigated 
Material and Methods 
Subieds 
The subjects were student nurses aged 
20-26 years, attending the nurses train-
ing-college in Oslo Selection entena for 
volunteers included the presence of mild 
or moderate gingivitis, the absence of 
periodontal pocketing greater than 3 5 
mm. and the absence of any adverse 
medical hisiorv or long-term meai-
70 
458 S\ alun faeton \an der Ouderaa and Rolla 
canon 96 females and 6 males volun­
teered for the studj and all but 1 met 
the defined entena of excellent gingival 
health on completion of the 1st phase 
of the study 6 subjects withdrew from 
the studv during the 6 month test period 
for reasons unconnected with the use of 
the dentifnces 
Material 
3 dentifrices were used dunng the studv 
ie 1 dunng the pre experimental phase 
and the test and placebo dentifnces dur 
ing the experimental period The test 
dentifnce contained aluminium tnhy-
drate sodium mono fluorophosphate 
anionic detergent crystalline zinc cit­
rate (1%) (Sturge Lid Birmingham 
England) and Tndosan (0 2%) (Ciba 
Geigy Manchester England) The pia 
cebo dentifrice was identical except for 
the exclusion of zinc citrate and Tnclo-
san The dentifrice used in the pre-ex 
penmcntal phase was a standard 
Norwegian fluonde idenlifnce The 2 
dentifrices used in the expenmental per­
iod were packed in tubes which were 
identical except for their coding 
Toothbrushes were supplied ihroughout 
the study 
Clinical study 
The double blind stud\ consisted of 2 
phases namely a pre expenmental pha 
se of 4 weeks and an experimental per 
lod of 6 monihs During the pre experi­
mental phase the teeth were scaled and 
polished to remove all deposits and the 
subjects received oral hvgiene instruc­
tion which included the use of dental 
floss The purpose of this phase was 
to motivate the subjects into an oral 
hygiene regime capable of achieving and 
maintaining healthy gingivae The gin 
gival condition was dmicalk assessed 
after 4 weeks and the teeth of those 
subjects who achieved the required stan­
dard of gingival health were cleaned by 
the tngienist to remove supragmgival 
plaque before the\ entered the experi­
mental phase The cmenon of gingival 
health applied required that fewer than 
8 bleeing points could be elicited upon 
probing All teeth except the third molar 
were examined The data obtained from 
these subjects at the initial examination 
were used to form 2 groups who were 
matched for plaque levels and gingival 
health The groups were allocated either 
the test or placebo dentifnces for use 
for 6 months The use of dental (loss 
was discontinued during the expenmen 
tal period 
Clinical examinations were per­
formed after the 4 week period of inten 
sive professional care and after 3 and 
6 months of using the test or placebo 
dentifrices Plaque was assessed on 4 
surfaces of each tooth using the plaque 
index (Loe 1967) and gingival health 
bv the number of gingival sues that bled 
after gentle probing (Amamo & Bay 
19''5) using a CPITN probe The probe 
was inserted into the gingival sulcus to 
the depth of approximately 0 5 mm and 
moved around the tooth stroking the 
soft tissue walls of the lacial mesial and 
lingual surfaces A maximum of 84 sites 
per mouth »ere probed 
The incremental changes between the 
baseline and the 3 or 6 month examin­
ations were calculated The differences 
between groups were tested for statisti 
cal significance bv the Student / test 
Results 
The mean plaque index score (PLI) per 
person at the initial examination was 
0 38 (Fig 1) and the mean number of 
bleeding units was approximately 25 
(Fig 2) Dunng the 4 weeks of intensive 
professional care the mean scores of 
both groups were significantly reduced 
The low-plaque scores of the baseline 
were not maintained dunng the 6-
month penod of placebo use Plaque 
had significanth increased at the 3-
month examination (Fig 1) and re­
mained at this higher level after 6 
months In contrast to the placebo 
group the group using the test denti­
frice maintained the low plaque scores 
observed at the baseline examination 
for the entire 6 month penod 
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Fig J The mean (and standard error) plaque 
index values for the 1 month pre stud} per 
lod of oral h\ giene instruction and the 6 
month test penod dunne which tests on pia 
cebo dentifnces were used 
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Ftg 2 The mean (and standard error) num 
ber of bleeding units for the 1 month pre 
study period of oral hygiene instrudion and 
the 6 month lest period during which lesi or 
placebo denlifnces were used 
The gingival bleeding followed a 
similar pattern (Fig 2) For the group 
using Ihe placebo dentifrice the number 
of sites which bled on probing at base 
line had increased significantly at the 3 
and 6-monih examinations In the test 
group the bleeding incidence remained 
at approximately the baseline value at 
the 3 month assessment and had in 
creased only slightly at the 6 month 
examination even though dental floss 
had not been used At both the 3 and 
6 month examinations the difference 
between the 2 groups was statistically 
significant (.P<0001) for both plaque 
and gingival bleeding 
No adverse reactions were recorded 
on either the soft tissues the teeth or 
silicate restorations 
In addition to statistical significance 
the clinical significance was assessed by 
examination of the frequency of bleed 
ing sites within each group The differ 
ential effect of the dentifnces is demon­
strated in Fig 3 which shows the cumu 
lalive frequency distribution of the % 
bleeding sites at the initial and after 6-
month examinations When data from 
subjects who had used the placebo were 
plotted a curve with a median value 
slightly greater than 15 bleeding sues 
was obtained More than 90% of these 
subjects exhibited over 5 bleeding sites 
The curves representing gingival status 
initially and after 6 months use of the 
placebo followed similar patterns but 
were slightly separated A small re­
duction in frequency of bleeding during 
the use of the placebo had occurred 
The curve for the test paste w as steeper 
than that for the placebo and the me 
dian value was less than 5 bleeding sites 
Almost 40% of the subjects who had 
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BLEEDING UNITS 
Fig 3 The cumulative frequency distribution 
of the Dumber of bleeding points at the initial 
examination and following the use of the pla­
cebo or test dentifrices for 6 months 
used the test dentifrice had zero bleed­
ing on probing, and approximately 10% 
only of subjects exhibited greater than 
the maximum 5 bleeding sites limit at 
baseline. 
Discussion 
The student nurses who participated in 
the trial were a representative group of 
young, health conscious individuals. 
They would, it was surmised, already be 
well-disposed towards achieving good 
oral health standards and would be sus­
ceptible to the motivating effects of pro­
fessional cleaning and oral hygiene in­
struction. Consequently, they were 
likely to comply with the demands that 
would be made of them in pursuit of 
the aims of the tnal. The fact that they 
were predominantly female would fa­
vour their suitability for the tnal. since 
the oral hygiene status of females is gen­
erally supenor to that of males, and 
females are more motivated towards 
fostering general health than are males 
of the same age (Todd 1975. Tucker et 
al. 1976). It was necessary that the sub­
jects possessed enough gingivitis for an 
improvement to be demonstrable dur­
ing the penod of professional care. The 
initial gingival health of the group met 
this requirement, with 13 only having 
more than 50 gingival sites which bled 
on probing and only 2 subjects classified 
as clinically healthy according to the 
selection criterion used 
The success of the pre-expenmental 
phase confirmed the compliance of the 
study group and the influence of an 
interest in general health care Of the 
102 volunteers, only 1 failed to attain 
the criterion of < 6 bleeding iites 
The increase in both plaque and 
bleeding scores for the group using the 
placebo during the experimental penod 
indicates the success of the 4-week pro­
fessional care programme and the sub­
sequent failure to maintain this high de­
gree of oral hygiene on withdrawal of 
professional assistance 
By 3 months, the gingival health of 
subjects brushing uith the placebo den­
ti f псе was close to the initial condition. 
The absence of any further deteno-
ration between 3 and 6 months might 
suggest that some effects of the pro­
fessional instruction had persisted, even 
though the dedication required to main­
tain an excellent degree of gingival 
health could not be sustained. However, 
the good oral hygiene and low number 
of bleeding sites at the completion of the 
study support the view that the nurses 
represented a well-motivated group 
with better than average gingival health. 
The greater cleanliness and improved 
gingival condition after the oral hygiene 
instruction, compared to initial scores, 
are consistent with previous obser­
vations Brandtzaeg & Jamison (1964), 
Fay (1964) and Tan & Saxton (1975) 
found that the after-effects of oral hy­
giene instruction alone were sufficient 
to improve the oral condition for at 
least 3 months In these studies, as in 
the present one. the improvements did 
not lead to an optimal level of gingival 
health, but merely to a better condition. 
Thus, this study has confirmed the find­
ings of previous investigations, ι е.. that 
it is difficult, at least, to obtain and to 
maintain a high level of gingival health 
in dental care programmes directed at 
home care and supplemented by in­
frequent professional advice 
It is also difficult to define, in practi­
cal terms, an acceptable cntenon for 
gingival health. Perfect gingival health 
can be defined as the absence of any 
inflammation as judged by bleeding on 
probing This ideal would be impracti­
cable. as few people would achieve it. 
In this study, forali but 1 of the subjects. 
the standard of gingival health attained 
by motivation, etc. was less than 6 sites 
which bled on gentle probing This level 
of inflammation »as taken to indicate 
a high standard of gingival health In a 
previous study with subjects considered 
to have mild inflammation (Saxton 
1986), 38% of probed units bled Dol-
les & Gjermo (1980) considered 10% 
bleeding units as indicative of good gin­
gival health Thus the results of the 
present investigation show that al­
though the gingival condition of most 
subjects would have been considered to 
be clinically acceptable, few of the sub­
jects would be classified as having a high 
level of gingival health at the end of the 
study in which they had used a 'stan­
dard' fluonde placebo dentifrice 
Cumulative frequency curves indicate 
that less than 7% of those subjects pos­
sessed good gingival health after 6 
months, although the gingivae of all 
subjects were healthy at the start of the 
experimental penod 
In contrast, the gingival health of the 
group that used the test dentifrice was 
maintained throughout the total penod 
of the study Not only was the difference 
between treatments statistically signifi­
cant, but also approximately 60% of 
individuals who used the test dentifrice 
maintained the excellent degree of gin­
gival health achieved dunng the pro­
fessional care programme. Moreover, 
none of the local side-effects reported 
as occurring dunng the use of biguani-
des or quaternary ammonium com­
pounds were encountered The test den­
tifrice was well accepted by the subjects 
and. since no special brushing instruc­
tions were issued dunng the test period, 
use of the dentifrice formed part of their 
normal daily oral hygiene regime. 
The results obtained with the test 
dentifrice are similar to those obtained 
by Kjaerheim et al. (1980) when they 
studied a group of school children in 
Norway, for whom bimonthly pro­
fessional tooth cleaning, individual mo­
tivation and oral hygiene instruction 
were provided Although that 2-year 
study showed that canes and plaque 
were reduced and gingival condition 
greatly improved, the cost of the pro­
gramme was considered uneconomic. 
The antiplaque activity of the 2 indi­
vidual antimicrobial agents has been 
previously reported. Zinc salts exert 
modest antiplaque activity in simple sol­
utions (Harrap et al. 1983) or in denti­
frices (Saxton et al. 1986). Mûhlemann 
(1973) investigated the activity of a 1% 
Tnclosan solution on canes and plaque 
in the rat and was only able to demon-
strate a small effect on plaque. More 
recent unreponed studies by our group 
support the findings of Muhlemann for 
Tnclosan alone at concentrations up to 
0 6% in a dentifrice When the metal 
salt and Tnclosan are combined in the 
same dentifrice, however, antiplaque ac-
tivity is greatly enhanced, to the extent 
that a gingival health benefit can be 
obtained (Saxton 1986). 
72 
460 Svaiun, Sac ton, van àer Ouderaa and Rolla 
This invesugation has demonstrated 
that a dentifrice containing a zinc salt 
and an antimicrobial agent can suppress 
both the accumulation of plaque and 
the development of gingivitis Thus, the 
concept that an antiplaque dentifrice 
might assist in the maintenance of gin-
gival health has been va L da ted. More-
over, the6-raonth period of testing, with 
an intermediate examination, should be 
regarded as sufficient to demonstrate 
the value of including the test paste in 
preventive programmes 
Zueammenfaasunfl 
Der Einfluss einer Zahnpasta die Zinksalz 
und einen nichi-ionisierten anttbakteneHen 
Wirkstoff enthält auf die Gesunderhaltung des 
Zahnfleisches 
Mit der hier vorliegenden Untersuchung wur-
de beabsichtigt, das Konzept zu prüfen, dass 
eine Zinkntrai und Тпсіозал enthaltende 
Zahnpasta zur Beibehaltung der gingivalen 
Gesundheit beitragen kann Die Zahnfleisch-
gesundheit bei 101, vorwiegend wei bitchen, 
Schwesternschulem in Oslo wurde durch pro­
fessionelle Reinigung bei gleichzeitiger oraler 
HygicneinstruUion auf ein hohes Niveau ge­
bracht Das Knien um für die gingivale Ge-
sundheit war dass weniger als 5 nach Pro vi-
kation blutende "Seiten" bei einer die gesam-
te Mundhöhle umfasseoden Untersuchung 
registriert wurden Der mittlere Blutungs-
wert der bei der Gesamlgruppe erreicht wur-
de, war 3 S Von der ursprüngliche Anzahl 
nach Provokation blutender "Seiten** und 
\ on Plaqueanlagerungswerten ausgehend. 
wurden 2 vergleichbare Gruppen gebildet 
Die eine Gruppe wendete 6 Monate lang die 
Testzahnpaste und die andere Gruppe ein 
Plazebo an In der Mitte der Versuchszeit 
wurde eine Zwischenkontrolle eingeschaltet 
Das Plazebo war nicht imstande den Grad 
des oralen Hygicnestandards und der Zahn· 
Dcischgesundhcit aufrechtzuerhalten, der mit 
der professionellen Zahnreinigung erreicht 
worden war Dagegen wurde bei der Gruppe, 
die die Testzahnpasta anwendete nach 6 Mo-
naten ein ähnlicher Standard der Plaqueanla-
gcrung und der ZahnDoschgesundheii beob-
achtet, der anlässlich der Etngangsuntereu-
chung nach der Hygicncinstruktion vorlag 
Nach 6 Monaten lagen bei nur 7% der Pro-
banden der Plazebogruppc gesunde Zahn· 
fleisch Verhältnisse vor, im Gegensatz zu 60% 
bei der Testgruppe Die Zahnpasta mit Zink-
satz und nicht-ionisiertem Baktenad hat die 
gingivale Gesundheit bei jungen Erwachse-
nen erfolgreich aufrechterhalten können 
Resumé 
Influence dun dentifrice contenant un sel de 
une et un agent antimicrobicn non ionique sur 
le maintien de ¡a sante gmgt\ale 
La presente elude se proposait de tester l'idee 
qu'un dentifrice contenant du citrate de zinc 
et du Tnclosan puisse maintenir la sante gin-
givale Chez 101 eleves infirmiers d'Oslo, 
presque tous du sexe féminin, un niveau ¿le-
ve de sante gingivale at été obtenu par des 
nettoyages dentaires professionnels accom-
pagnes d'instructions d'hygiene bucco-den-
taire Le entire uuhse pour définir la santé 
gingivale était un nombre de localisauons 
avec saignement provoque < 5 pour toute la 
bouche Pour Pensemble du groupe, la vaJeur 
du saignement obtenue était de 3 S Deux 
groupes equivalents ont etc constitues, en se 
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basant sur le nombre initial de localisations 
avec saignement provoque et sur les valeurs 
initiales de la plaque Pendant 6 mois. 1 un 
des groupes a utilise le dentifrice expenmen-
tal et l'autre groupe le placebo avec a 3 mois 
un examen intermediaire 
Le groupe placebo π a pas réussi a mainte-
nir le niveau de l'hygiène buccale et de la 
sante gingivale que les soins professionnels 
avaient permis d obtenir Par contre le grou 
pe utilisant le dentifrice experimenial pen-
dant les 6 mois présentait des niveaux de 
plaque et de sante gingivale analogues a ceux 
qu on avait observes initialement jpres 1 en 
seignement des soins d h\giene bucco-dcnui-
re Apres 6 mois < 70Ό des sujets du groupe 
placebo présentaient de^ gencives saines tan· 
disque, dans le groupe expenmcnlal cette 
proportion était de 60% Un dentifrice conte-
nant un sel de zinc et un antiseptique non 
ionique a donc permis de maintenir la sanie 
gingivale dans un groupe de jeunes adultes 
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Abstract An experimental dentifrice containing zinc citrate and Tnclosan was 
used by student nurses for 12 months without supervision, while a corresponding 
group used a control dentifrice Dental flossing was not permitted during the 
first 6 months Gingival health achieved in a pre-cxpenmental penod, dunng which 
oral hygiene instruction was given, was maintained by users of the expérimental 
dentifrice for 12 months but not by users of the control dentifrice About 1/3 of 
the control group used floss daily dunng the 2nd 6 months and significantly 
improved their gingival health to a level comparable to that of the experimental 
group Flossing brought no extra benefit for the latter group In the control 
group, approximal regions were less healthy than buccal or Ungual sites The 
gingival health of these sites improved significantly with daily flossing The 
experimental dentifrice maintained gingival health in all sites irrespective of the 
use of floss The study has confirmed that oral health can be maintained by the 
use of the experimental dentifrice for at least 12 months in a habitual toothbrushing 
regime, and that the dentifrice would be as effective and simpler than relying on 
the combination of brushing and regular flossing 
Key words prophylactic dentifrice nossmg 
gingival health 
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The control of dental plaque is critical 
to the maintenance of gingival health 
A number of studies have demonstrated 
that the thorough mechanical removal 
of plaque which can be achieved during 
oral hygiene instruction can lead to a 
remission of gingivitis (Lös et al. Jensen 
1965, Bosman &. Powell 1977) How-
ever. the efTect of toothbrushing in the 
average individual decreases because of 
gradually diminishing compliance to-
wards optimal oral hygiene (Suomi et 
al 1971) 
Chemotherapeutic approaches to as-
sist in the control of plaque have been 
suggested and reviewed (Amamo 1980, 
Hull 1980. Lang 1980) Although many 
antimicrobial agents have been exam-
ined and some have been demonstrated 
to inhibit plaque in vivo when applied 
in mouthnnses their incorporation in 
dentifrices presents problems of com-
patibility with other dentifrice com-
ponents Chlorhexidine, the most well 
known of antiplaque agents is inacti-
vated when included in dentifrices 
(Komman 1986) However, dentifrices 
are extensively used together with mech-
anical toothbrushing and it would be a 
natural extension of this widely used 
oral hygiene procedure if incorporated 
antiplaque agents could be successfully 
delivered 
Recent studies with dentifrices con-
taining a zinc salt and the nomomc anti-
microbial agent Tnclosan have demon-
strated sufTiciem antiplaque activity for 
this combination to improve or main-
tain gingival health Gingivitis and 
plaque accumulation was reduced in 
two 4-week crossover studies (Saxton 
1986. Saxton et al 1987) m which a 
dentifrice containing zinc citrate and 
Tnclosan was used In a long-term 
study, it was demonstrated that the gin-
gival health of a group of student nurses 
could be maintained using the test denti-
frice In contrast, gingival health of the 
subjects using the control dentifnce was 
not maintained in the absence of pro-
fessional care Findings from the 1st 
6 months, dunng which subjects were 
requested not to use dental floss and to 
rely on toothbrushing only, have been 
reported (Svatun et al 1987) The pur-
pose of the present report is to desenbe 
the results obtained m the 2nd 6-month 
penod of the same long-term studv dur-
ing which the use of dental floss was 
permitted 
Material and Methods 
These have been desenbed in detail pre-
viously (Svatun et al 1987) 
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The expenmental dentifrice con-
tained 1 0% zinc citrate (Sturge Lid, 
Birmingham, England) and 0 2% 
Tnclosan (2,4,4'-tnchloro-2'-hydroxy-
diphenyl ether) (Ciba Geigy Manche-
ster England) as the two active agents 
The control dentifrice was identical ex-
cept for the exclusion of the two anti-
plaque agents 
Dunng the 4 weeks leading up to the 
expenmental penod, 96 female and 6 
male volunteers aged 20-26 years had 
their teeth professionally cleaned and 
were provided with oral hygiene instruc-
tion (OHI) Pnor to OHI and after the 
4 weeks, their plaque levels and gingival 
health were assessed Plaque was assess-
ed using the plaque index (Löe 1967) 
and gingival health by dclenrining the 
number of gingival sites that bled on 
gentle probing (Ainamo &. Bay 1975) 
Both were assessed on the mesial facial 
and lingual aspects of all teeth except 
the third molar Subjects with fewer 
than 6% bleeding sites out of the 84 
sues probed were divided into 2 groups 
that were stratified on the basis of 
plaque levels and gingival health at the 
pre OHI assessment One group was as-
sig led to use the expenmental demifnce 
and the other to use the control The 
teeth were repohshed to remove all 
plaque, and all participants were asked 
not to use dental floss Plaque and gin-
gival health were assessed after 3, 6 and 
12 months and fresh supplies of denti-
fnces and toothbrushes were distnbuted 
on these occasions 
For the 2nd part of the study, the 
teeth of each volunteer were scaled and 
polished following the 6-month assess-
ment. to comply with accepted Norweg-
ian dental practice, but the subjects were 
not reinstructed in oral hygiene Sub-
jects were informed that the use of den-
tal floss was permitted for the remainder 
of the study and they were provided 
with Johnsons non-waxed floss 
In addition to assessing the clinical 
condition of the gingivae all oral tissues 
were examined for signs of adverse reac-
tions and the subjects consulted for their 
expenence in this resoect Adverse reac-
tion was taken to include irritation des-
quamation, ulceration and discolour-
ation 
The incremental data between the 
baseline of the expenmental penod, and 
the six or twelve-month assessments 
were tested for statistical significance by 
the Student two-sample / test 
Results 
Overall results 
89 subjects attended all assessments 13 
subjects withdrew for reasons uncon-
nected with the study No adverse reac-
tions were recorded on either soft tis-
sues, the teeth or silicate restorations 
The mean plaque index for the 2 
groups at the initial assessment was 0 35 
and 0 33, respectively, and the % of sites 
showing bleeding was 30 and 31, respec-
tively Dunng the 4 weeks of oral hy-
giene instruction, the mean values for 
plaque index in both groups were sig-
nificintly reduced (Table 1) The low 
level of plaque was not maintained by 
the control group dunng the following 
12 months, they had returned to ap-
proximately pre-study levels after 6 
months In contrast, a lo ulevel of 
plaque was maintained by the group 
using the expenmental dentifnce over 
the same penod The difference between 
the groups at 6 and 12 months was stat-
istically significant at ; < 0 001 
The gingival bleeding followed a 
similar pattern (Table 2) A significant 
(P < 0 001 ) decrease in bleeding sites oc-
curred in the pre-expenmental penod 
The mean % of bleeding sites in the 
control group increased dunng the ex-
penmental penod and at each assess-
ment was always significantly 
( ? < 0 001) higher than the group using 
the expenmental dentifnce 
The Influence of Dossing 
At the 12-month assessment, the partici-
pants were asked about their use of 
floss The numbers who claimed that 
they used it regularly, occasionally or 
not at all are shown in Tables 3 4 There 
appeared to be more regular users of 
floss in the placebo group than in the 
expenmental group The mean plaque 
index for the 3 categones of (loss users 
after 6 months and after 12 months of 
the study of both dentifnces are shown 
in Tables 3, 4 
The mean baseline plaque values 
ranged from 0 08 to 0 16 At the 6-
month assessment, the subjects in the 
control group (Table 3) who subsequen-
tly used floss in the final 6 months had 
slightly less plaque than those from the 
same group who did not use floss At 
the 12-month assessment the plaque 
level of the regular users of (loss in the 
Table 1 The mean (standard déviation) plaque index of both groups at each оГЗ assessments 
Initial Baseline 6-month 12-month 
placebo 0 35(0 25) 0 15(0 14) 0 31 (0 22) 0 24 (0 19) 
expenmental 0 33(0 20) 014(009) 0 14· (0 13) 0 12' (0 12) 
•DifTerence between groups statistically significant at P < 0 001 
Table 2 The mean (standard deviation) % bleeding sites of both groups at each of 3 
assessments 
Initial Baseline 6-month 12-monih 
placebo group 29 8(13 0) 4 7(18) 216 (9 5) 19 4 (12 3) 
expenmental group 314(12 6) 4 1(2 0) 6 7· (5 5) 7 7· (6 8) 
•Difference between groups statistically significant at P < 0 001 
Table 3 The mean (standard аелшюп) plaque index values for subjects using the control 
paste - presented according to the use of dental floss in the final 6 months of the studv 
Use of No Assessment 
floss subjects baseline 6-monlhs 12-months 
none 12 0 14(0 09) 0 29(0 16) 0 29 (0 14) 
occasional 22 0 17(0 14) 0 31(0 26) 0 26 (0 18) 
regular 13 008(007) 023(017) 009· (007) 
•Difference between this group and the others statistically significant at P<Q 001 
Table 4 The mean (standard deviation) plaque index for subjects using the expenmental paste, 
presented according to the use of denial floss in [he final 6 monlhs of the study 
Wo 
Use of floss subjects Baseline 6 monlhs 12 monlhs 
ñoñe Ü 0 13 (0 09) 0 12 (0 09) 0 12 (0 11) 
occasional 16 0 11 (0 06) 0 09 (0 06) 0 07 (0 04) 
regular 8 0 16(0 07) Ό 23 (I 17) 0 20(0 16) 
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Table S The mean (standard deviation) % bleeding for subjects using the control paste. 
presented according to the use οΓ dental floss in the final 6 months of the study 
Use of floss baseline 
Assessment 
6-monihs 12-nionths 
none 
occasional 
regular 
4 8 (I 8) 
4 7 (18) 
4 7 (18) 
19 2 (7 4) 
21 S (11 I) 
23 7 (8 7) 
218 (7 6) 
22 7 (13 5) 
10 6' (10 4) 
•Difference between other groups statistically significant Р<0 05 
Table 6 The mean (standard deviation) % bleeding for subjects using the expérimental paste, 
presented according to the use of dental floss in the final 6 months of the studv 
Use of floss baseline 
Assessment 
6-months 12 months 
none 
occasional 
regular 
3 7 (2 1) 
4 8 (1 9) 
4 7 (2 0) 
4 5 (4 3) 
6 8 (4 0) 
11 6 (7 5) 
6 0 (6 6) 
7 5 (5 7) 
118 (8 6) 
control group was significantly less 
О < 0 001) than that of those members 
of the group who did not use it 
At both assessments during the ex­
perimental period, the plaque levels of 
the test group (Table 4) who did not 
regularly use floss remained significant­
ly lower than their contemporanes in 
the control group 
A similar trend was observed for the 
bleeding index (Tables 5, 6) For each 
of these subgroups gingival health of 
the control group at the six-month as­
sessment was significantly worse than 
that of the experimental group At 12 
months, the mean values of the bleeding 
index for those members of the control 
group (Table 5) who had not been reg­
ular users of fioss during the latter 6 
months of the studv were sigmficantlv 
(р<0 05) higher than those of the group 
using the experimental dentifrice How­
ever, the gingi\al status of the regular 
LEGEND 
• REGdLAB R_ObSING 
J «REGULAH FLOSSING 
TES' PASTE 
BLEEDING SITES 
Fig 1 The cumulative frcquencv distribution 
of (he number of bleeding sues of subjects 
who reeularl\ used floss compared to irregu 
lar floss users (placebo) and compared lo all 
subjects using the lest paste 
users of floss was similar to that of the 
experimental group (Table 6) This is 
also observed in Fig 1 which shows the 
cumulative frequencies of mean bleed­
ing values for all subjects m the experi­
mental group and for subjects in the 
control group who used floss regularly 
or not at all The frequency distri­
butions for the subjects in the group 
using the experimental dentifrice and in 
the control group who regularly flossed 
were similar both revealing that > 50% 
of the subjects in each group possessed 
fewer than 6% bleeding sites after 12 
months In contrast, none of the non-
floss users in the control group exhibit­
ed this level of gingival health 
Effect on dlflcrant nnlacu 
The data have been analysed further to 
examine the differential effects of both 
the type of dentifrice used and flossing 
status, according to different sites 
around the teeth The data in Fig 2 
show the amounts of plaque observed 
at the buccal, mesial and lingual sur­
faces of the teeth after ti and 12 months 
and according to type of dentifrice and 
use of dental (loss In general, the buccal 
surfaces of the control group exhibited 
less plaque than the approximal regions 
(mesial) For subjects who did not use 
floss the plaque levels were the same at 
the 6- and 12-month assessments The 
greatest reduction in plaque between 
these two assessments occurred in ap­
proximal regions of subjects who were 
brushing with the control dentifrice and 
regularly using floss In these subjects, 
the plaque index was reduced from 0 33 
to 0 12 Plaque was also reduced on the 
ungual surfaces 
Subjects in the group using the ex­
perimental dentifrice who did not use 
floss or used it irregularly exhibited low­
er levels of plaque on all three types of 
tooth surface At the completion of the 
study, the mesial surface of such sub­
jects had a mean plaque value of < 0 16 
compared to > 0 34 for similar subjects 
using the control dentifrice 
A similar pattern was observed for 
gingival health (Fig 3) The data have 
been expressed as a proportion of the 
Fig .? The influence of flossing on the plaque on difTerem surfaces of the teeth for subjects 
using control or lest pastes flossing was permitted between 6 and 12 months 
7Θ 
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Fig 3 The іпПиепсе of flossing on the % of bleeding sues at difTerenl surfaces of the teeth 
for subjects using control or lest pastes, flossing was permuted between 6 and 12 months 
sues in each mouth (л = 28) whjch bled 
on probing At 6 months, the mesial 
and lingual regions of participants who 
were using the control dentifrice exhibit­
ed a considerably higher (22-34%) % 
of bleeding sues than the buccal regions 
( < 15%) For participants in this group 
who did not use floss, or used it only 
irregularly, the level of bleeding at the 
12-month assess.uent was the same as it 
had been at the 6-month examination 
There was less bleeding for participants 
in this group who regularly used floss 
The % of bleeding sites on the mesial 
surfaces of these participants was re­
duced from 34 6 at 6 months to 9 6 at 
12 months Reduced bleeding was also 
recorded for the lingual surfaces Users 
of the experimental dentifrice had con­
siderably less bleeding than the control 
group at all sites at the 6-month assess­
ment After 12 months, those of the ex­
perimental group who did not use floss 
or used it onl\ irregularl> continued to 
exhibit considerably less bleeding in all 
regions than their control group con­
temporaries No difference between the 
groups could be established when re­
sults obtained from regular users of 
floss were compared 
Discussion 
The compharce of the subjects in this 
study was particularly good, as is shown 
by the fact that all but one of the one 
hundred and two yolumeers entering 
the study had less than 6% bleeding 
sites at the end of the penod of oral 
hygiene instruction 
The increase in both plaque and 
bleeding scores for the control group 
during the first six months of the experi­
mental penod demonstrates that the 
success of the 4-week professional care 
programme could not be maintained 
following the withdrawal of pro­
fessional assistance The improved oral 
hygiene standards and gingival con­
dition after oral hygiene instruction, are 
consistent with preyious observations 
Brandtzaeg & Jamison (1964), Fay 
(1964) and"Tan & Saxton (1975) found 
that the after-effects of oral hygiene in­
struction alone were sufTicient to main­
tain the improved oral condition for at 
least 3 months In these studies, as in 
the present one the improvements did 
not lead to sustained clinical health but 
merely to a better condition Thus, this 
study has confirmed the findings of pre­
vious investigations, ι e , that it is diffi­
cult. at least, to obtain and to maintain 
gingival health by normal toothbrush-
ing alone 
In contrast to the group using the 
control dentifrice, the subjects brushing 
with the experimental dentifrice main­
tained gingnal health throughout the 
total penod of the study Not only was 
the difference between treatments sig­
nificant. but also approximately 60% of 
indmduals who used the test dentifrice 
maintained the excellent state of gin­
gival health ach'eved by the pro­
fessional care programme 
Interproximal areas are least access­
ible to tooth-brushing (e g , Hugoson & 
Koch 1979, Lmdhe et al 1973, Gum­
ming & Lôe 1973), and dental floss has 
been advocated as an aid to cleaning 
these regions (Bergenholtz & Bntton 
1980, Lobene et al 1982) The value of 
supplementing toothbrushing with reg-
ular flossing has been confirmed in this 
study The second phase of the study 
allows companson to be drawn between 
the mechanical plaque control from ad-
ditional flossing and the antiplaque ef-
fect of the expenmental dentifnce Ap-
proximately 1/4 of the group using the 
control dentifrice restarted regular flos-
sing when permitted to do so after 6 
months of the expenmental penod At 
that time, only 7% of this subgroup 
exhibited the healthy status of having 
fewer than 5 bleeding sites On resump-
tion of flossing, and over the following 
months, the portion of this sub group 
with healthy gingivae rose to about 
50% Consequently, the gingival con-
dition of this subgroup compared 
favourably with that of the whole group 
using the test paste 
Although it is generallv accepted that 
flossing increases the effect of oral hy-
giene regimes and it is included in most 
oral hygiene programmes, evidence in 
support of the use of floss in respect to 
gingival health is conflicting The am-
bivalence of the evidence appears to be 
related to the initial gingival status of 
the subjects participating in the studies 
Bergenholtz et al (1974). Bergenholtz* 
Bntton (1980), Lamberts et al (1982) 
and Vogel et al (1975) failed to demon-
strate benefits for the use of floss for 
subjects who possessed relatively 
healthy gingivae, although in some 
studies plaque was reduced In contrast, 
when gingival inflammation was pres-
ent, improvements in gingival health 
could be obtained by using floss, al-
though the extent of the improvement 
depended on whether the flossing was 
self or professionally administered 
In a 14-day study by Fmkelstem & 
Grossman (1979), subjects had 1/2 of 
their mouths flossed daily by a hygiën-
ist Inflammation of the flossed areas 
was reduced by 45% compared with the 
unflossed control parts of the mouth 
When, in another study (Lobene et al 
1982). subjects used floss after intensive 
instruction, there was a sigi, ficant 
(20%) improvement in gingnal health 
over eight weeks It may be suggested 
from these studies that flossing fails to 
improve situations where oral hygiene 
and gingival health is good but if prop· 
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erly earned out it can benefit subjects 
whose oral hygiene is less satisfactory 
In the current study, those subjects 
who had supplemented their brushing 
with regular fiossmg m the second half 
of the study benefited significantly The 
experimental group, as a whole, were 
able to maintain a healthy gingival sta-
tus resulting from the antiplaque effi-
cacy of the expérimental dentifnce 
Consequently, subjects using this denti-
fnce and who did floss did not obtain 
any further improvements in gingival 
condition 
This study has also confirmed the dif-
ficulty of maintaining healthy gingivae 
in the approximal areas and on Ungual 
surfaces by brushing only Optimal gin-
gival health was achieved in these areas 
dunng the professional care programme 
and this supports the view that these 
regions can be thoroughly cleansed by 
diligent brushing and the use of floss. 
Following the withdrawal of pro-
fessional care and use of floss, the dedi-
cation required to maintain good oral 
hygiene decreases and gingivitis de-
velops However, these same regions 
were maintained in a healthy state in 
the group using the experimental denti-
frices, and this suggests that the anti-
plaque agents in the dentifnce are effi-
cacious in regions which are difficult to 
clean by toothbrushing alone 
When subjects who were using the 
control dentifnce resumed regular use 
of floss, there was considerable im-
provement in their gingival health at 
these inaccessible regions This indicates 
that such regions could be maintained 
equally by flossing or use of the expen-
mental dentifnce However, the results 
of this study suggest that flossing is ef-
fective only when it is done regularly, 
since infrequent flossing had only a 
small effect on gingivitis in these re-
gions 
The similanty of the gingival con-
dition of the experimental group and 
that of regular floss users of the control 
group demonstrates that the expenmen-
tal dentifnce gave a benefit similar to 
that achieved by flossing, but in a much 
simpler and readily acceptable way 
Only 30% of all participants in the 
study chose to use doss regularly when 
permitted to do so, clearly suggesting 
that flossing is not a popular practice 
The use of the expenmental dentifnce 
is even more favourably compared to 
flossing when the number of subjects 
retaining gingival health is considered 
At the completion of the study, approxi-
mately 8 subjects who had used the con-
trol dentifnce and regularly used floss 
possessed healthy gingivae, compared 
to approximately 23 subjects who 
achieved a similar level of gingival 
health simply by using the expenmental 
dentifnce 
This investigation has demonstrated 
that a dentifnce containing zinc citrate 
and an antimicrobial agent was able to 
prevent both the accumulation of 
plaque and the development of gingi-
vitis Moreover, the use of the anti-
plaque dentifnce in habitual toothclean-
ing is much easier and simpler than sup-
plementing brushing with regular 
flossing and is at least as effective. 
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Zusammenlauung 
Eme I Jahr andauernde Studie über du Erhal-
tung der Zahngesumßieit durch eine Zinksalz 
und mcht-anionuche Agenzien entftaltende. 
Zahncreme 
Eine Expcnment-Zahncremc, die Zinkstrat 
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CHAPTER 8 
The effect of a Dentifrice containing Zinc Citrate and Triclosan 
on Developing Gingivitis. 
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Merseyside и К 
Saxton CA van der Ouderaa FJG The effect of a dentifrice containing zinc 
citrate and Triclosan on developing gingivitis J Periodont Res 1989 24 75-80 
A partial mouth expérimental gingivitis model was employed to establish the 
potential efficacy of a dentifrice containing a zinc salt and the antimicrobial 
agent Tnclosan to prevent or delay the development of gingivitis over a penod 
of 28 days Initially, gingival health was established in 34 subjects following a 
6-week period of professional tooth cleaning and oral hygiene instruction A 
toothshield was constructed to fit 4 postenor mandibular teeth Undiluted test 
or placebo dentifrice was applied to the experimental teeth via the toothshield, 
which also prevented plaque removal from these teeth dunng habitual brushing 
of the remainder of the dentition The presence of plaque, bleeding after probing 
and visual signs of inflammation were independently assessed Plaque accumu-
lated rapidly and gingivitis developed in both groups At the 2-wk assessments, 
lower mean plaque scores were recorded for the group using the test dentifnce 
At the 4-wk assessment a significantly lower level of gingmns was recorded for 
the test group It is concluded that (a) the model can be used to establish the 
potential efficacy of a dentifnce to maintain gingival health, (b) the dentifnce 
containing zinc citrate and Tnclosan was efficacious and (c) the Gingival Inden 
possibly overestimates the proportion of healthy gingival sites Accepted tor publication November 2Θ 1988 
Introduction 
Recent studies with dentifrices containing a zinc 
salt and the nonionic antimicrobial agent Triclosan 
have demonstrated sufficient antiplaque activity to 
improve or to maintain gingival health Gingivitis 
and plaque accumulation were reduced in two, 4-
wk crossover studies (1,2) In a 12-month study it 
was demonstrated that the gingival health of a 
group using a dentifnce containing zinc citrate and 
Tnclosan could be maintained following oral hy­
giene instruction (3) In contrast, gingival health 
of the group using the control dentifrice was not 
maintained in the absence of professional care or 
the additional use of dental floss (4) 
Studies designed to establish the gingival health 
effects of antiplaque treatments used in conjunc­
tion with a normal oral hygiene regime are time-
consuming (5) and require relatively large study 
groups A shorter and more resource-effective 
means of establishing the potential gingival health 
benefit of dentifrices would have obvious advan­
tages 
The potential of mouthwashes containing anti-
plaque agents to delay the development of gingi­
vitis has been established using the experimental 
gingivitis model pioneered by Loe et al (6) This 
model has been used to test the efficacy of agents 
to prevent the accumulation of plaque and thereby 
delay the onset of gingivitis dunng 21 days of 
toothbrushing abstention Mouthwashes contain­
ing Chlorhexidine (7), Octemdine (8) and Sanguin-
anne (9), as well as a phenolic mouthwash (10) 
have been demonstrated to delay the onset of gingi­
vitis These same matenals were later shown to 
have gingival health benefits in longer term studies 
combimng both mouthnnsing and normal tooth-
brushing (11-13) Previous use of this model in 
humans has been restncted to mouthnnses and 
studies not including the use of a dentifnce 
In the present study we have used the modifi­
cation by Bossman and Powell (14) of the Loe 
model and have extended this to include using the 
toothshield to apply the dentifnce to the unbrushed 
teeth 
This protocol has been used to investigate the 
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potential efficacy of a dentifrice containing zinc 
citrate and Tnclosan lo delay the development of 
gingivitis. 
Material and methods 
Sub|ects 
Thirty-four subjects participated in the double-
blind study These comprised 20 female and 14 
male subjects ranging in age from 20 to 48 yr, with 
a median age of 27 yr. All had at least 20 natural 
teeth and were recruited after signing a consent 
form and completing a medical history ques-
tiunnaire. Subjects were excluded from participa-
ting in the study if they had acute infections, severe 
periodontal disease or were undergoing antibiotic 
or other antimicrobial therapy. They were also ex-
cluded if, on pre-stud) clinical screening, perio-
dontal pockets of <3.5 mm (CPITN probe) were 
found to be associated with any of the four experi-
mental mandibular teeth. 
Denlifrleee 
The placebo dentifrice contained aluminium tnhy-
drate as abrasive and other dentifrice ingredients 
such as foaming agent, humectant, flavor and the 
anticaries agent sodium monofluorophosphate. 
The test dentifrice was identical except that it con-
tained in addition 0.5% zinc citrate (Sturge, Bir-
mingham, U.K.) and 0.2% Tnclosan (Ciba Geigy, 
Manchester, U.K.). Both the dcnufnces were ident-
ical in color and flavor and were supplied in lami-
nate tubes which were indistinguishable except for 
the coding. 
Study design 
In the pre-expenmental phase the subjects were 
given professional toothcleamng and oral hygiene 
instruction for 4 wk. Oral hygiene was checked 
regularly and instruction reinforced wherever 
necessary to achieve optimal plaque control. Dur-
ing this pre-expenmental phase the test quadrants 
were randomly selected and toothshields prepared. 
The test teeth comprised the canine to first molar 
inclusive on one side of the mandible. In addition 
to preventing plaque removal by brushing, the 
toothshield was also used to apply the dentifrice to 
the test teeth during the experimental penod. 
The toothshields consisted of an outer, pre-
formed shell of acrylic and a flexible inner im-
pression of the test teeth. The impression of the 
teeth was made with Ramane (ESPE, Seefeld, W. 
Germany). The impress.on was tnmmed to include 
only the teeth and gingival margin and to eliminate 
contact with the cervical margin of each tooth, 
reducing the risk of plaque being disturbed during 
insertion or withdrawal of the shield 
The pre-experimental phase was completed by 
the assessment of plaque using the Plaque Index 
(15) and the estimation o r gingival health. All sites 
were separately assessed and recorded first for vis-
ual symptoms of inflammation and then for tend-
ency to bleed after probing using a CPITN probe. 
This probe, introduced by the World Health Or-
ganisation, has a 0.5 mm ball at the end to reduce 
the nsk of tissue damage. Bleeding tendency was 
assessed after air drying by inserting the probe into 
the gingival crevice to a depth of approximately 1 
mm and moving it around the crevice, at an angle 
of approximately 60° to the long axis of the tooth, 
stroking the inner surface of the sulcular epithe-
lium. Bleeding detected within 30 s of probing was 
recorded. A score of 1 or 0 was assigned according 
to Lòe (15) to define a score of 1. A further score 
of I or 0 was assigned according to whether the 
site exhibited bleeding on probing By collecting 
data in this way, two indices could be formed to 
express the state of gingi\al health. The data was 
combined to form a version of the Gingival Index 
(GI) (15) and an Inflammation Index (II) according 
to the matnx shown below. 
Inflammation 
Bleeding 
GUI 
0 0 0 0 
1 0 1 1 
0 1 0 1 
1 1 2 2 
The difference between the indices was that, in the 
Inflammation Index, sites which bled on probing 
but were without visual symptoms ofinflammation 
were considered to be inflamed. The Gingival In-
dex created was a simplified version of the original 
(15), being weighted towards bleeding tendency be-
tween scores 1 and 2. The clinical assessments were 
performed on the mesial, buccal, distal and lingual 
aspects of the experimental teeth. All plaque was 
remo\ed at the start of the expenmental penod. 
Subjects exhibiting fewer than 4 sites which bled 
on probing were randomly assigned to either test 
or control groups. 
Table I Mean area of tooth surface of non-brushed dentition 
covered with disclosed plaque after 4 d of oral tngienc absten-
tion 
Placebo 
Test 
Number of 
subjects 
17 
17 
Mean 
316 
20 4 
Standard 
error 
34 
2 τ 
ρ value 
<005 
85 
Prevention of gingivitis by a dentifrice 77 
Table 2 Mean (and standard error) plaque index values and % 
distributions of 0 and 2 + 3 scores dunng 28 d of using placebo 
or test dentifrices 
Placebo 
Test 
Test 
versus 
placebo 
Day 
0 
14 
28 
0 
14 
28 
14 
28 
Plaque Index 
0 
1 50 (0 10) 
1 72 (0 07) 
0 
1 18 (0 12) 
1 46 (0 12) 
p<005 
N S 
% Distribution 
Score 0 
100 
9 
3 
100 
18 
6 
Scores 2 + 3 
0 
58 
69 
0 
43 
56 
In the 28-d unsupervised experimental phase the 
subjects abstained from brushing the dentition in 
the test quadrant, although habitual tooth cleaning 
of the remainder of the dentition was permitted 
Subjects were instructed to place twice daily a small 
quantity of dentifrice (approximately 1 g) into the 
indentations in the toothshield pnor to its insertion 
in the mouth for 1 mm Clinical assessments of 
plaque and gingival conditions were repeated after 
14 and 28 d 
In addition, the effect after a short exposure to 
the dentifrices was established by assessing plaque 
accumulation after 4 d on the facial surfaces of the 
test teeth using the plaque scoring method de­
scribed by Stean and Forward (16) 
Statlrtcal analytli 
The incremental changes from baseline were sub­
jected to statistical analysis using the standard two-
sample Student t-test (significance level p<0 05) 
Results 
The mean area of tooth covered with plaque after 
4 d of non-brushing was 31 6% for subjects using 
the placebo dentifrice (Table 1) Plaque accumu­
lation for the test group was significantly lower at 
20 4% (p<0 05) 
By 2 wk the mean Plaque Index of the placebo 
group (Table 2) had increased from zero at baseline 
to a value of 1 50, after 4 wk this had increased to 
1 72 Significance testing revealed that only the 2-
wk data were significantly different at ρ < 0 05 
The proportion of gingival sites which were re­
corded with visible inflammation and bleeding is 
shown in Table 3 The results show that, in the 
placebo group at 4 wk, 47% of sites exhibited 
both bleeding on probing and visible symptoms of 
inflammation, in contrast to 28% in the test group 
The matrix further reveals that at this time 9% of 
the sites exhibited bleeding without visible inflam­
mation in the placebo group The frequency (%) 
distribution of 0, 1, and 2 scores for the GI and II 
are shown in Fig 1 At both 2- and 4-wk assess­
ments fewer sites were considered to be healthy by 
the II classification 
Immediately following oral hygiene instruction a 
very low level of gingival inflammation was present 
and was similar for both groups The data show 
(Table 4) that gingivitis developed in both groups 
dunng the 4-wk experimental penod, but at both 
assessments a numerically lower level of gingivitis 
which reached statistical significance at d 28 was 
observed for the test group compared to the group 
using the placebo dentifrice 
Dunng the use of the placebo (Table 2) the per­
centage of plaque-free surfaces (PLI score 0) de­
creased rapidly from 100% on d 0 to 9% after 2 
wk, whereas 18% plaque-free sites were observed 
for the group using the expenmental dentifrice 
Plaque scores of 2 + 3 increased dunng use of the 
placebo from zero at d 0 to 58% at 2 wk The rate 
of visible build-up of plaque was lower at 2 wk for 
sites subjected to the test paste (43% of sites) The 
same trend was observed at 4 wk 
A similar treatment effect was observed for gin­
gival health measured by both Gingival and In­
flammation Indices (Fig 1) Following oral hygiene 
instruction ~90% of the expenmental sites were 
assessed as healthy and only 2% were visually in­
flamed and bled on probing Fewer gingival sites 
remained healthy in the mouths of subjects using 
the placebo than when the test dentifrice was used 
After4wk,21% forGIand 12% for II of gingival 
sites were assessed as healthy in the placebo group 
compared to 42% or 30% respectively in the ex­
penmental group Similarly, the frequency of gin­
gival sites which were visibly inflamed and bled on 
gentle probing was greater at 4 wk in subjects using 
Table 3 Frequency distribution (%] 
assessments 
Bleeding Absent 
Bleeding Present 
1 of visually observed 
Inllammation 
2 week 
Plac Tesi 
38 47 
14 17 
inflammauon and bleeding 
ι Absent 
4 week 
Plac Test 
12 30 
9 12 
sues for both dentifrices at the 2 and 4-wk 
Inflammation Present 
2 week 
Plac Test 
22 20 
27 17 
4 week 
Plac Test 
32 29 
47 28 
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the placebo (48%), than in subjects using the test 
paste (28%) 
Discussion 
In this study recruitment of volunteers without a 
dental background and the compliance of these 
subjects during the studv was made easier by re­
stricting the non-brushing to a few teeth instead of 
all the dentition The results obtained with the 
placebo dentifrice confirm the findings of others 
that copious amount of plaque accumulate and 
that gingivitis develops on withdrawal of tooth-
brusmng (6) The level of plaque and gingivitis 
development was consistent with those obtained 
from rinsing with non-active mouthwashes, there­
by suggesting that the placebo dentifrice used in 
this stud) was unhkel) to have influenced plaque 
accumulation The rate of plaque accumulation 
during use of the placebo was extemeh rapid This 
rapid equi'ibnum of plaque accumulation agrees 
with observations of others (6) and indicates, at 
least within the assessment of plaque b\ the Plaque 
Index, that the plaque mass is self-limiting How­
ever, the plaque becomes increasmgh complex over 
the same time period (18) and it is only from d 10 
Tahk 4 Mean (and standard error) gine^al index and inilam 
malion index during (he 28 d of usirp placebo or lesi dentilnces 
Placebo 
Test 
Placebo 
versus 
lesi 
Da\ 
0 
14 
28 
0 
14 
28 
14 
28 
Mean GI 
0 13(0 03) 
0 78(0 1) 
1 30 (0 1) 
0 15(0 03) 
0 56 (0 07) 
0 89(0 11) 
N S 
p<001 
Mean II 
0 25(0 03) 
0 91 (0 10) 
1 38 (0 10) 
0 27(0 03) 
0 71 (0 08) 
1 02 (0 10) 
N S 
p<001 
that clinical signs of inflammation are observed In 
this study the prevalaiice of GI score 2 at 2 wk is 
similar to that observed by Wennstrom and Lindhe 
(9) This supports the view that the direct appli­
cation of a dentifrice to gingival tissues has not 
caused an inflammatory response beyond that in­
duced by the plaque 
Reduced amounts of plaque and lower levels 
of gingivitis were found for the group using the 
experimental dentifrice This finding confirms the 
results of previous studies that dentifrices contain­
ing zinc citrate and Tnclosan can assist in the main­
tenance of gingival health (1, 2 4) The reduced 
development of gingivitis was observed b> both 
indices used to assess gingival health The re­
duction in levels of plaque is reflected by the change 
in frequency of sites which were either plaque-free 
or had visible plaque In contrast to almost 60% 
of surfaces with visible plaque in the placebo group 
after 2 wk, 43% of sites onlv in the test group were 
associated with visible plaque Between d 14 and 
28 the rate of plaque accumulation decreased to 
the extent that the proportion of surfaces with 
visible plaque increased by onlv a further 15% 
in the placebo group and 13% in the test group 
Statistical significance was not established at d 28 
although a ρ value of 0 07 w as obtained, suggesting 
that plaque mass, as assessed bv PLI continued to 
be inhibited in the test group but to a diminished 
extent The difference in gingival health at d 28 
testifies to the continued effectiveness of the test 
dentifrice In a recent study (Saxton unpublished 
results) the area of plaque was significantly less in 
the tsst group after 21 d and this vas supported 
b> lower plaque wet and dr\ weights Reductions 
in plaque mass will reduce the detrimental or toxic 
load on the gingiva and result in a reduced inflam-
maton response Reduced tissue response might 
also occur by alterations m the microbial balance 
of the plaque favoring a less pathological flora A 
recent study (Jones et al in preparation) has 
shown that the 21-d supragingival plaque from the 
test group exhibited significantly lower proportions 
of anaerobes compared with plaque from the pla­
cebo group 
In the present stud\ less visible plaque was ob­
served in the test group Such plaque is visible 
because of its thickness Geddies et al (19) demon­
strated that Plaque Index Scores of 2 or 3 had a 
thickness greater than 250 μιτι It is probable that 
plaque of this th.ckness would have greater poten­
tial to inmate gingival inflammauon than thinner. 
non-visible plaque Thus, the decrease of visible 
plaaue in the experimental group is reflected by 
healthier gingivae compared to the placebo group 
In contrast to the 12% of gingival jiies classified 
b) II as healthy in the control group 30% of sites 
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in the test groups remained clinically healthy at 4 
wk. 
The expression of the severity of gingival inflam-
mation has been a subject of considerable contro-
versy as manifest by the variety of indices which 
have been employed (see review by Ciancio (19)). 
The popular Gingival Index considers the presence 
of visible symptoms of inflammation to be a pre-
requisite to gentle probing of the gingival crevice. 
In the absence of such visible symptoms the crevice 
is not probed and the margin is considered to be 
clinically healthy. Contrary to this view other indi-
ces, e.g. Sulcus Bleeding Index (20), consider the 
presence of elicited bleeding to be a prime sign of 
gingivitis. The procedure of eliciting bleeding by 
probing has varied according to the index em-
ployed. In the Sulcus Bleeding Index (20) the probe 
is used parallel to the tooth axis and a positive 
response recorded if bleeding is detected within 30 
seconds. Ainamo and Bay (21) described probing 
the orifice of the crevice and recording a positive 
response within about 10 s. In the Gingival Index 
(15) the probe was run along the soft tissue wall 
of the entrance of the crevice but timing of the 
response was not stated. Bleeding in the present 
study was elicited by running the probe along the 
inside of the crevice at a depth of not more than 1 
mm and a positive response was recorded within 
30 s. It is considered that the bleeding tendency 
used approximated that described by Löe (15). 
In this study the presence or absence of erythema 
and bleeding tendency were recorded separately 
and were recombined to form two indices by which 
gingival health could be expressed. Inspection of 
the data clearly revealed that the "Gingival Index" 
in comparison with the Inflammation Index would 
have underestimated the severity of gingivitis by 
overestimating the proportion of "healthy" sites. 
An example of this is seen when considering the 2-
wk data. The percentages of "healthy" sites in the 
placebo and test groups were 52% and 64% respec-
tively if all sites failing to be identified as visibly 
inflammed are considered. 
However, the data also show that a quarter of 
these "healthy" sites bled on probing (14% and 
17%) even though they appeared to be non-in-
flamed. It seems inappropriate to define bleeding 
gingival sites as being clinically healthy. The pres-
ence of bleeding in the absence of visual inflam-
mation has been credited a score of 1, the same as 
that in the Gingival Index given to a site which 
would exhibit erythema but not a tendency to 
bleed. It is suggested that combining the data in 
this way reflects a more accurate estimation of the 
clinical condition than indices which are weighted 
towards either erythema or bleeding tendency. 
It is concluded that this study has demonstrated 
that the potential efficiency of dentifrices to delay 
the development of gingivitis can be investigated by 
this model. The results have shown that a dentifrice 
containing zinc citrate and Triclosan can reduce 
the accumulation of plaque and delay the onset of 
gingivitis. The data have also shown that by not 
considering all symptoms of gingival inflammation 
the Gingival Index defined by Löe (15) could over-
estimate the proportion of healthy gingival sites. 
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CHAPTER 9 
Microbiological and Clinical effects of a Dentifrice containing 
Zinc Citrate and Triclosan in the Human Experimental Gingivitis 
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Abstract A partial mouth experimental gingivitis model was employed to estab­
lish the effect of a dentifnce containing 0 2% Tnclosan and 0 5% zinc citrate on 
the development of chrome gingivitis In addition, changes in the plaque flora 
associated with the developing gingivitis have been monitored Following a penod 
of stringent oral hygiene, volunteers were allocated to 1 of 2 treatment groups 
A toothshield was constructed to fit 4 posterior mandibular teeth During the 
21-day experimental penod test or placebo dentifnce was applied to the experi­
mental teeth via the tooth shield The toothshield also prevented plaque removal 
from those teeth during habitual brushing of the remaining dentition Supragingi 
val plaque was collected at baseline and day 21 Гот analysis of \\л total bacterial 
flora At the end of the expenmental penod plaque and gingivitis had developed 
in both groups However the test group had significantly less plaque and gingivitis 
than the placebo group The microbiological data demonstrated that plaque from 
the test group contained significantly lower numbers of anaerobes compared to 
plaque from the placebo group This was considered particularly significant as 
these bactena are generally associated with chronic inflammatory penodontal 
disease There was also a trend for the numbers of actmomyces to decrease in 
plaque from the test group but not in the placebo group 
Kdy words zinc citrate Triclosan plaque gin 
givitia 
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The onset of chronic gingivitis has been 
correlated with plaque accumulation 
(Loe et al 1965 Komman 1986) and 
an increase in the proportions of Gram-
negative anaerobic bactena (Sved & 
Loesche 1978) These changes 'n the 
oral flora that occur as plaque ages and 
gingivitis develops have been well docu­
mented (Ritz 1967 Syed & Loesche 
1978, Moore et al I982) Their studies 
have shown that young plaque associ­
ated with gingival health contains high 
numbers of Streptococcal species w here-
as older plaque often associated with 
gingivitis contains high numbers of Ac 
tmnnnces species and anaerobic bac­
tena 
The ability of dentifrices containing 
zinc citrate and the non-ionic antimi­
crobial agent Triclosan to reduce 
plaque accumulation and to maintain 
¿inguai health have been demonstrated 
in se\eral studies (Saxton 1986 Svatun 
et il 1987 Saxton el al 1988 Svatun 
etal 1989) In a recent study, the experi-
mental gingivitis model of Lôe et al 
(1965) was modified and used to dem-
onstrate the efficacy of a dentifrice con-
taining zinc citrate and Tnclosan to de-
lay the onset of gingivitis (Saxton SÍ 
Van der Ouderaa 1988) This model also 
offers an important basis for examining 
the effect of dentifnces on changes in 
the bacterial flora associated with the 
onset of gingivitis 
The aim of the present study was to 
repeat the expenmental gingivitis study 
using a dentifnce containing zinc citrate 
and Tnclosan and to perform extensive 
bacterial analvsis of the plaque to estab-
lish an\ effect of the dentifrice on the 
de\ eloping disease related oral flora 
Materials and Method* 
Dentifrice Composition -The test den-
tifrice contained an aluminium hydrox-
ide abrasive (50% w w) the anticanes 
agent sodium monofluorophosphate 
(0 85% w w), anionic detergent (2 5% 
w w) zinc citrate (0 5% w/w), Tnclosan 
(0 2% w/w) (2 4 4 -tnchIoro-2 -hydrox-
ydiphenyl ether, Ciba-Geigy Co Man-
chester UK) and other ingredients such 
as flavour and humectant The placebo 
dentifrice was identical except for the 
exclusion of zinc citrate and Tnclosan 
Both dentifnces were identical in colour 
and flavour and were supplied in lami-
nate tubes which were indistinguishable 
except for the coding 
Subfects 
53 subjects participated in the double 
blind study These comprised 39 female 
and 14 male subjects ranging in age 
from 16-49 years with a mean age of 28 
vears All had at least twenty natural 
teeth and were recruited after signing a 
consent form and completing a medical 
historv questionnaire Subjects were cx-
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eluded from participating ID the study 
if they had acute infections, severe 
periodontitis or were undergoing anti­
biotic or other antimicrobial therapy 
They were also excluded if on pre-study 
clinical screening penodontal pockets 
of > 3.5 mm (CPITN probe) were found 
to be associated with any of the four 
experimental mandibular teeth 
8tudy design 
At the start of the pre-expenmental 
phase, the subjects were given pro­
fessional toothcleamng and oral hygiene 
instruction This phase lasted for 4 
weeks Oral hygiene was checked once 
more before the experimental phase and 
instruction reinforced wherever necess­
ary to achieve optimal plaque control 
During this pre-expenmental phase the 
test quadrants were randomly selected 
and toothshields prepared The test 
teeth comprised the canine to second 
molar inclusive on one side of the man­
dible An impression of each lower jaw 
was taken and a plaster model prepared 
The cervical region of the test teeth in 
the plaster model were covered with I 
mm thick tape which extended up the 
cervical half of each tooth crown 
Toothshields were prepared using Dura-
soft (2 mm) which was heated and vac­
uum fitted to the models The tape was 
removed from the toothshield The dif­
ference in fit at the cervical margin be­
tween the natural teeth and toothshield 
created by the tape was to prevent the 
removal of plaque adjacent to the gin­
gival margin each time the toothshield 
was used 
In the 21-day unsupervised experi­
mental phase the subjects abstained 
from brushing the dentition in the test 
quadrant Habitual tooth cleaning of 
the remainder of the dentition was per­
mitted Subjects were instructed to twice 
daily place a measured quantity of den­
tifrice into the indentations in the 
toothshield pnor to its insertion in the 
mouth and retain the dentifrice for the 
duration of tooth cleaning 1 ml (1 S 
g) of dentifrice was delivered from a 
disposable 2 ml plastic synnge Paste 
was transferred to the synnge by abut­
ting the laminate tube to the barrel of 
the synnge and applying gentle 
pressure 
Clinical U M u n w n l 
At the end of the pre-expenmental 
phase, gingival health was expressed b> 
the number of sites which bled on prob­
ing (Ainamo & Bay 1975) using the 
CPITN penodontal probe Bleeding 
tendency was assessed after air drying 
by inserting the 0 5 mm ball of the probe 
into the gingival sulcus to a depth of 
approximately 2 mm and moving it 
around the crevice stroking the sulcular 
epithelium Bleeding detected within 30 
s of probing was recorded The clinical 
assessments were performed on the me­
sial, buccal, distal and lingual aspects of 
the experimental teeth Subjects with a 
high degree of gingival health at the 
end of the pre-expenmental phase were 
randomly assigned to either the test (27 
subjects) or placebo groups (26 subjects) 
for the 3 weeks expenmental gingivitis 
period A high degree of gingival health 
was defined as < 5 bleeding sites out of 
the 20 sites assessed 10 subjects from 
each group were randomly selected for 
the microbiological analysis of plaque 
After samples of plaque had been taken 
the teeth were meticulously cleaned to 
remove any residual plaque 
Clinical assessment of the gingival 
condition was repeated after 21 days In 
addition, the area of disclosed plaque 
was assessed by the method of Stean & 
Forward (1981) 
Plaqu· sampling 
Plaque samples were collected from the 
buccal surfaces of the test teeth after 
both of the clinical examinations had 
been performed Samples were removed 
using a stenle calcium alginate swab 
(Socransky et al 1977). the top was 
aseptically broken off and transferred 
immediately into a reduced transport 
fluid (RTF) (Syed & Loesche 1972) sup­
plemented with 1 0% sodium metapho-
sphate 
Bactarlologletl procwlurn 
Within 30 mm of sampling, plaque 
samples were dispersed bv mild sonica-
tion at 40 KHz in an ultrasonic bath 
(Jencons Scientific Ltd. Leighton Buz­
zard. England), then diluted 10-fold 
with pre-reduced. stenle, physiological 
saline The neat samples and each di­
lution were plated onto 2 supplemented 
blood agar plates (Holdeman et al 
1977) by means of a spiral plater (Model 
D Don Whiteh Scientific Ltd. Shipley, 
England) One plate was incubated 
aerobically at 37=C for two days The 
second plate was incubated anaerobical-
ly at 370C for 4 days 
After incubation the total aerobic 
and anaerobic viable count for each 
plaque sample was recorded One anaer­
obic plate containing 100-200 evenly 
spread colonies was selected for each 
panellist and 30 colonies picked-ofT ac­
cording to a template pattern Each of 
these colonies was identified using 
methods desenbed by Jones et al 
(198S) 
The total protein content of the neat 
plaque sample in transport fluid was 
measured by the method of Bradford 
(1976) as modified by Brogdan & Dick­
inson (1983) for use with microwell 
plates 
All anaerobic plates were incubated. 
for a funher 12 days, at the end of 
this period the total number of black-
pigmented bacteroides in each sample 
was recorded 
Dala Analysis 
For the clinical data, individual mean 
scores were calculated and a mean for 
each group computed DifTerenccs be­
tween groups were measured using in­
cremental change as a measure of activ­
ity These changes were analysed using 
the standard two sample student (-test 
Incremental changes were used as a 
measure of activity to reduce mter-
panelhst vanation 
The total aerobic and anaerobic vi­
able counts were expressed as log l0 
values for colony forming units (cfu) to 
reduce the skewness in distnbution of 
individual counts A value equivalent to 
the lowest observed positive count was 
substituted for non-detectable counts 
The significance of any change in the 
aerobic or anaerobic counts within a 
product group, ι e . between basehne 
and expenmental data was assessed 
using the paired /-test, whereas the sig­
nificance of any change between the 
product groups was assessed using the 
two-sample Mest 
For the streptococci and actmomyces 
isolated from plaque samples the iso-
ТаЫе 1 The mean area (ram:) of the non-
brushed looih surface covered with disclosed 
plaque after 21 days of exposure to test or 
placebo denufnee 
no subjects 
mean 
sd 
significance lest 
versus pfacebo 
placebo 
26 
35 2 
27 
lest 
27 
28 2 
26 
j><005 
93 
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Table 2 The mean (and standard deviation) 
frequency of gingival bleeding at day 0 and 
after 21 days exposure to placebo or test den­
ti f псе 
Dentifrice Day 
% gingival 
bleeding 
placebo 
л-26 
0 12 6 (7 7) 
21 64 1 (18 8) 
9 7 (8 3) 
38 6* (22 9) 
* Significantly different from placebo at 
/><001 
lation frequency was calculated as 
(number of samples containing a given 
organism)/(total number of samples ana­
lysed) 
The statistical significance of differences 
in sample frequenaes between product 
groups was assessed using the non-para-
metnc Mann-Whitney u-test 
Results 
Clinical obssrvatlon· 
Plaque rapidly formed on the teeth of 
subjects in both the test and placebo 
groups dunng the three week non-
brushing penod However, the assess­
ment of plaque area (Table 1) at day 
21 showed that significantly less plaque 
had accumulated in the test group com­
pared to the placebo group 
The proportion of gingival sites for 
all participants which bled on probing 
was approximately 10% at day 0 This 
corresponds to < 2 sites out of the 20 
sites probed (Table 2) There was no 
significant difference in the gingival 
bleeding between the test and placebo 
group at day 0 At dav 21 gingival 
bleeding in the placebo group had in­
creased to 64% Significantly less gin­
gival bleeding occurred in the test group 
(Table 2) 
Table 3 Log mean (and standard deviation) 
anaerobic viable baclena per /jg plaque pro­
tein 
Anaerobes per /ig 
Dav plaque protein 
Microbiologic*! obMrvsUons 
Streptococcus and Acmomvces were the 
dominant genera isolated from the 
plaque sample at days 0 and 21 Other 
oral bacteria were isolated infrequently 
and in low numbers, e g, black-pig-
mented bacteroides 
The increase in plaque dunng the ex­
penmental penod was reflected by a sig­
nificant increase in the number of viable 
anaerobic bactena isolated per /ig of 
plaque protein in both the test and pla­
cebo groups (Table 3) The mean anaer­
obic and aerobic counts per plaque 
sample increased significantly dunng 
the expenmental penod (Table 4) in 
both groups However the anaer­
obe aerobe ratio increased significantly 
only in the placebo group dunng the 
study (Table 4) 
The isolation frequency of streptoc­
occi and actinomyces did not change in 
the placebo group dunng the 21 days of 
oral hygiene abstention However, in the 
test group, there was a numencal trend 
for the isolation frequency of actinomy­
ces to decrease after 21 davs (Table 5), 
there was a corresponding increase in 
isolation frequencies of lactobacilli and 
veillonella The combined isolation fre­
quencies of lactobacilli and veillonella 
were higher in the test group than the 
placebo group at the end of the expen­
mental penod 
Dltcusslon 
The incorporation of antimicrobial 
agents into dental products as a means 
of controlling plaque and gingivitis has 
been advocated for several years (Loes-
che 1976, Hull 1980, Komman 1986. 
Newman 1986. Van der Ouderaa & 
Cummins 1988) A wide range of ma-
tenals have been tested for antiplaque 
activity (Gjermo et al 1970) and some 
(e g , zinc) have been incorporated into 
modem toothpaste formulations (Sax-
ton 1986) 
The introduction of a system with 
dual antimicrobial agents has the poten­
tial advantage of increasing the clinical 
activity whilst retaining relatively low 
concentrations of each active agent (Van 
der Ouderaa & Cummins 1988) Saxton 
et al (1988) demonstrated considerably 
unproved antiplaque efiects for the 
combined system, of zinc citrate and 
Tnclosan, compared to dentifnces con­
taining either one agent Recent long-
term studies using dentifnces containing 
zinc citrate and Tnclosan have demon­
strated sufficient antiplaque activity for 
this combination to maintain gingival 
health (Svatun et al 1987, Saxton & 
Van der Ouderaa 1988) An intermedi­
ate procedure for establishing the poten­
tial activity of antiplaque svsiems has 
been the 2I-da\ expenmental gingivitis 
model This was used by Loe & Schiott 
(1970) to demonstrate the efficacy of 
Chlorhexidine and has been modified by 
Saxton & Van der Ouderaa (1988) to 
investigate the efTects of dentifnces The 
clinical results observed in the present 
study confirm that the test dentifrice 
is effective in reducing the amount of 
plaque formed within 21 davs of oral 
hygiene abstention and inhibiting the 
Table 4 Log mean (and standard deviation) anaerobic and aerobic counts per plaque sample 
Dav Anaerobic Aerobic 
Ratio 
anaerobic aerobic 
placebo 
significant change with 
lime 
test 
significant change wilh 
0 
21 
0 
21 
4 39 (2 5) 
6 75 (0 63) 
/ X 0 0 0 1 
4 53 (0 97) 
6 47 (I 07) 
ρ<ϋϋ\ 
4 29(126) 
5 79 (0 72) 
/><0002 
4 31 (0 82) 
5 91 (0 82) 
/><000l 
13 
61 
/><0005 
2 5 
3 6 
ns 
placebo 
significant 
change with 
lest 
significanl 
change wuh 
time 
0 
21 
0 
21 
4 22(1 77) 
5 51 (0 76) 
/><005 
2 8 5 ( 1 0 4 ) 
4 49 ( 1 64) 
/><002 
Table 5 Isolation 
placebo 
test 
significant test ver 
sus placebo 
frequencies С 
Dav 
0 
21 
0 
21 
Ο
ο) of bacil 
Streptococci 
51 4 
4 5 " 
48 
49 
ns 
:na isolated from 
Aclinomvces 
48 1 
49 5 
49 3 
403 
ns 
plaq uc samples 
Lauobacilli 
004 
2 4 
1 3 
33 
?< 
\eillonella 
nd 
2 4 
1 3 
6 3 
0 1 
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development of gingivitis It was ob-
served that the 4 week pre-expenmental 
period resulted in approximately 90% 
of the sites being considered to be clin-
ically healthy At the completion of the 
study, the test group exhibited over 40% 
fewer sites with severe gingivitis 
The link between plaque accumu-
lation and gingivitis is well established 
(Loe et al 1965. Syed & Loesche 1978) 
However, there is still some debate 
about whether the onset of gingivitis is 
simply due to the mass of plaque or the 
presence of specific pathogens accumu-
lating ш the plaque as it ages (Tanner 
1988) In several studies the regular use 
of Chlorhexidine mouthnnses has been 
shown to reduce the total numbers of 
bactena on teeth and in saliva (Schiôtt 
et al 1976, Brinerei al 1986) However, 
Вппег et al (1986) and Gusberti et al 
(1988) both surmised that the clinical 
efficacy of Chlorhexidine was pnmanly 
mediated by its ability to inhibit the 
colonisation of the tooth surface by Ac­
tinomyces species and Gram-negative 
anaerobic bactena. hence preventing 
plaque maturation 
In this study, the ratio of anaero­
bes aerobes increased significantly in 
the placebo group but not in the test 
group Thus the plaque from the pla­
cebo group more closely resembled 
plaque associated with gingivitis 
(Moore et al 1982, 1983) Also, after 
3 weeks experimental gingivitis, plaque 
isolated from the test group contained 
lower numbers of Actinomvces species 
than plaque from the placebo group 
As there is some evidence that these 
bactena can be correlated with the onset 
of gingivitis (Jordan et al 1972. Craw­
ford et al 1978a, b). a reduction in num­
bers may be clinically significant 
Moore et al (1982) correlated the on­
set of gingivitis with an increase in 
plaque complexity At the end of this 
stud\ plaque from the test group con­
tained a greater spectrum of bacterial 
species than plaque from the placebo 
group However the additional genera 
isolated were mainly veillonella and lac-
tobacilli neither of which have been as­
sociated with the onset of gingivitis 
(Moore et al 1983. Dzink et al 1988) 
Veillonella were the only Gram-nega­
tive obligate anaerobic bactena routine­
ly isolated dunng this study, other 
Gram-negatives e g . bacteroides. fuso-
bactena represented a very small pro­
portion of the flora Syed & Loesche 
(1978) found similar results dunng an 
expenmental gingivitis study However, 
Moore et al (1982, 1983) found that 
Gram-negative anaerobes such as fuso-
bactena were the dominant bactena in 
plaque after 3 weeks expenmental gingi­
vitis This result is possibly due to 
Moore et al (1982, 1983) removing 
supragingival plaque prior to sampling 
gingival margin plaque, whereas in this 
study and in that of Syed & Loesche 
(1978) the supragingival plaque was not 
removed before sampling Also in this 
study the developing plaque was ex­
posed twice daily to high concentrations 
of detergent in toothpaste which may 
ha\e prevented the colonisation of obli­
gate Gram-negauve anaerobic bactena 
In conclusion, a toothpaste contain­
ing zinc citrate and Tnclosan reduced 
the development of gingivitis in a 3-
week expenmental gingivitis study 
Analysis of the plaque bactena indi­
cated that the clinical effect may be 
attnbuted at least in part to a reduction 
in potentially penodontopathic bac­
tena 
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Zueammenlatuing 
Mikrobiologische und klinische Wirkung einer 
Zinkznral und Tnclosan haltigen Zahnpasta 
im menschlichen experimentellen Gingivitis-
modeil 
Um die Wirkung einer 0 2% Tnclosan und 
0 5% Zinkzitrat-haltigen Zahnpasta auf die 
Entwicklung einer chronischen Gingivitis 
festzustellen wurde ein expenmenieUes Gin-
giviusmodell m einem Kiefer angewendet 
Zusatzlich wurden Veränderungen der 
Plaqueilora. die mit der sich entwickelnden 
Gingivitis verbunden waren, aufgezeichnet 
Nach einer Penode mit strenger Mundhygie-
nc wurden die Probanden einer von zwei Be 
handlungsgruppen zugewiesen Es wurde für 
vier UnterkieferseiteDzähne ein Zahnschutz 
hergcsielli Wahrend der expcnmenteUcn 
Testpenode von 21 Tagen Dauer wurde mit 
diesem Zahnschutz die Zahnpasta auf die 
Testzähne appliziert Während des üblichen 
Zähneputzens der übrigen Bczahnung verhin-
dene der Zahnschutz die Plaqueenifernung 
von diesen Zähnen Die supragingivale Pla-
gue wurde bei der Ausgangsuntersuchung 
und am Tag 21 zur Analvsc der baktenellen 
Gesamtnora entnommen Am Ende der expe 
nmentellen Testpenode hatten sich Plaque 
und Gingivitis in beiden Gruppen entwickelt 
Jedoch halte die Tesigruppe signiñkaní wem 
ger Plaque und Gingivitis als die Plazcbo-
gnippe Die mikrobiologischen Dalen zeig-
ten. daß die Plaque der Testgruppe im Ver-
gleich zur Plazebogruppe eine signifikanl 
geringere Anzahl an Anaerobiera enthielt 
Dies wurde als teilweise signifikant betrach-
tet, da diese Bakterien im allgemeinen mit 
chronisch entzündlicher Par-
odontalerkrankung assozueri sind Auch gab 
es bei der Tesigruppe, aber nicht bei der Pla-
zebogruppe einen Trend zur Abnahme der 
Anzahl an Actinomyzeien in der Plaque 
Resuma 
Effets microbiologiques et cliniques d un den-
tifrice conienani du curate de zinc et du Tnclo-
san dans un modele experimental humain de la 
gingivite 
Un modele expenmental de gingivite, portant 
sur une panie de la bouche, a ete employe 
pour étudier les elTets d un denufnce conte-
nant 0 2% de Tnclosan et 0 5% de citrate 
de zinc sur le développement de la gingivite 
chronique De plus on a surveille dans la 
plaque les changements de la flore associes 
au développement de la gingivite Apres une 
penode d'hygiène bucco-deniaire ngoureuse. 
das sujets volontaires ont eie repartis en deux 
groupes de traileoient Une gouttière amovi-
ble a ete réalisée sur 4 dents posteneures de 
la mâchoire mfeneure Pendant les 21 jours 
de la penode expenmentale, un dentifrice ex-
penmental ou un dentifnce placebo a etc ap-
plique aux dents expenmentales a 1 aide de 
la gouttière Celle gouttière empêchait aussi 
relimination de la plaque sur ces dents lors 
du brossage habituel du reste de la denture 
La plaque sus-gingivale a ete recueillie au 
debut de I etude et au jour 21 pour analyser 
la Логе microbienne totale A la fin de la 
penode expenmentale on constatait le déve-
loppement de plaque et de gingivite dans les 2 
groupes Cependant, le groupe expenmental 
avait significauvement moins de plaque et de 
gingivite que le groupe placebo Les données 
microbiologiques montraient que la plaque 
du groupe expenmental contenait des nom-
bres sigmncativement moins eleves d'anaero-
bies que la plaque du groupe placebo Ce fait 
est considere comme pamculierement sigmfi 
cauf, puisque ces bactenes sont généralement 
associées a la maladie parodontale шПатта-
toire chronique On notait aussi que les nom­
bres d actinomvcetes lendaient a diminuer 
dans la plaque du groupe expenmental, mais 
pas dans le groupe placebo 
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CHAPTER 10 
Control of Gingivitis and Calculus by a Dentifrice containing a 
Zinc salt and Triclosan. 
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Control of Gingivitis and Calculus 
by a Dentifrice Containing a Zinc 
Salt and Triclosan 
К W. Stephen, * C.A. Saxton,f C.L Jones, ' J.A. Ritchie,' and T. Momson' 
THE EFFECT OF UNSUPERVISED BRUSHING with a dentifrice containing two antiplaque 
agents, 0.590 zinc citrate and 0.2% triclosan, on gingival health, plaque, supragingival 
calculus, and the oral flora was compared to brushing with a non-active control dentifrice. 
Volunteers were given oral hygiene instruction and their teeth were professionally cleaned. 
They then used a placebo dentifrice for a pre-expenmental phase of 1 month, before 
being stratified into two groups on the basis of their initial plaque, gingival bleeding, 
and calculus levels, sex, and age. Over the following 6 months, one group used the 
control while the other used the test dentifrice. Plaque levels, gingival bleeding, and 
calculus were assessed at baseline and at 3 and б months. Supragingival plaque was 
sampled for microbiological analysis at the initial examination, at 3 and 6 months (con­
clusion of study period) and 3 months after the study. Representative oral bactena and 
the development of bacterial resistance to triclosan were monitored. Results showed that 
plaque was reduced and gingival health significantly improved during the 1-month pre-
experimental period. During the experimental period, this improvement was not main­
tained by the control group as gingival bleeding and calculus increased. In contrast, 
gingival bleeding and calculus levels of the test group were maintained significantly 
below those of the placebo group. Plaque levels were lower in the test group after 3 and 
6 months, but the groups were not significantly (P = 0.05) different. No shifts in oral 
flora or development of bacterial resistance to triclosan were detected. / Penodontol 
1990; 61:674-679. 
Key Words: Toothbrushing; dentifrices; dental plaque/prevention; zinc citrate; triclosan. 
The control of supragingival dental plaque is critical to 
gingival health. When good oral hygiene is practiced, the 
mechanical action of toothbrushing can remove plaque most 
effectively. However, persistently effective brushing is un­
common suggesting that, additionally, a chemotherapeutic 
approach might be beneficial. The possibilities of using this 
approach have been reviewed by Ainamo' and Hull.- More 
recently, the incorporation of antimicrobial agents into den­
tal products has been proposed as a means of controlling 
plaque.'^ Thus, the delivery of antiplaque agents from a 
dentifrice, for example, is a natural extension of the widely 
accepted role of dentifrices to achieve oral hygiene. 
Many antimicrobial agents are incompatible with normal 
dentifrice formulations.1 Some, however, have been suc­
cessfully incorporated into modern dentifrices.'' The dem­
onstration of moderate antiplaque activity by zinc compounds 
in both dentifrices and mouthnnses' " provided a foundation 
"Depanmem of Oral Medicine and Pathology. University of Glasgow 
Dental School. Glasgow, U K 
'Unilever Denial Research, Pon Sunlight Laboratory, Merseyside. UK 
on which to develop a therapeutic dentifrice based on a dual 
antimicrobial system comprising a zinc compound and a 
non-ionic antibacterial agent. A non-ionic material was chosen 
in preference to the equally effective cationics which have 
undesirable side effects.3 The combination of zinc citrate 
and the non-ionic antibacterial agent, triclosan, offers the 
opportunity to increase the clinical activity while retaining 
relatively low concentrations of each active agent5 and has 
received considerable attention recently. 
Triclosan (2,4,4'-trichloro-2'-hydroxydiphenyl ether) is 
a phenolic material which when incorporated into a denti­
frice that contains 1% zinc citrate increases its antiplaque 
efficacy.'' Two unsupervised long-term studies have shown 
that such a dentifrice has sufficient antiplaque activity to 
maintain the gingival health of users.'1·1" Another 
investigation" has shown that good antiplaque activity is 
retained when the concentration of zinc in the dentifrice is 
reduced from l^o to 0.5%. The aim of the present study 
was, therefore, to determine whether this zinc/triclosan 
combination could help to control plaque, stabilize gingival 
health, and inhibit calculus formation in a group of subjects 
9 8 
Volume 61 
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representative of the dentate population. The effect of the 
dentifrice on the microbial ecology of the plaque was also 
investigated using methods recommended in the American 
Dental Association guidelines for plaque and gingivitis.12 
MATERIALS AND METHODS 
The test dentifrice contained 0.5% zinc citrate' and 0 2% 
Tnclosan' as the two antiplaque agents Other ingredients 
included excipients such as alumina, sodium monofluoro-
phosphate, and foaming agent. The active ingredients were 
carefully incorporated into the dentifrice to maximize clin-
ical efficacy. The control and lest dentifrices were identical, 
except for the exclusion of the two antiplaque agents from 
the control. 
Subjects 
Volunteers of both sexes were recruited for the double-blind 
study and 216 initially participated Ages ranged from 16 
to 49 years, with a mean age of 29 years. Selection entena 
included the presence of at least mild gingivitis, the absence 
of periodontal pockets of > 3.5 mm, and the absence of 
any adverse medical history or long-term medication. 
Clinical Study 
The study consisted of two phases a pre-expenmental phase 
of 4 weeks, and an experimental period of 6 months At 
the start of the first phase, the teeth were professionally 
cleaned to remove all deposits, and the patients received a 
brief period of oral hygiene instruction which included the 
use of floss and interdental toothbrushes. This phase served 
two purposes. First, the gingival condition of the partici-
pants was improved by compliance to good oral hygiene, 
so that the deterioration from health by the control group 
during the experimental phase of the study could be mon-
itored, together with the ability of the test product to prevent 
deterioration from health in the test group.' I 0 Second, it 
provided a baseline from which to assess individual per-
formance of the pamciants. The study plan defined the 55 
participants achieving less than 409c improvement in gin-
gival bleeding in the pre-expenmental phase as "non-com-
pliers" who were not entered in the experimental phase. 
Therefore, there were 161 panicipanls in the complete study. 
Other forms of compliance testing were not included. Data 
obtained at the start of the study from patients who achieved 
the defined level of improvement were used as a basis on 
which to form two groups, balanced for plaque levels, gin-
gival health, calculus, sex, and age. 
Patients were divided into groups defined by combina-
tions of sex, 10-year age intervals, and total calculus (4 
levels). Within each group patients were ranked according 
to gingival bleeding score. For each pair of adjacent sub-
jects, the first was assigned to one group and the second 
assigned to the other group with the order reversed for the 
'Siurge Lid , Birmingham. England 
1
 Ciba Ccigy, Manchester, England 
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next pair. The test dentifrice was assigned at random to one 
group and the other group received the control All partic-
ipants were instructed to brush twice daily as normal Cal-
culus observed on the lingual surfaces of the mandibular 
incisors was removed at the end of the pre-study phase. 
Clinical examinations were performed by a single inves-
tigator at the start of the study, at the end of the pre-ex-
penmental phase, and after 3 and 6 months. Plaque was 
assessed using the Plaque Index11 and gingival health by 
the number of gingival sites that bled after gentle probing 
using a CPITN probe.14 The probe was inserted into the 
gingival sulcus to a depth of approximately 2.0 mm and 
moved around the tooth, stroking the soft tissue walls of 
the facial, distal, mesial, and lingual surfaces The Mean 
Plaque and Bleeding Index scores for the mouth were cal-
culated by combining scores of the four sues and dividing 
by the number of sites assessed (maximum 112). Where 
subjects exhibited calculus, it was assessed across three 
planes after thoroughly air drying the lingual surfaces of 
the lower anterior teeth." 
In addition to the clinical assessment of the gingiva, all 
oral tissues were examined for signs of adverse conditions, 
such as irritation, desquamation, ulceration, and discolor-
ation and the subjects were asked about their experience in 
this respect. 
Plaque Sampling 
Plaque samples were taken for microbial analysis from 20 
participants selected at random from each group. All pa-
tients brushed their teeth on the morning prior to sample 
collection. Interproximal plaque was removed from two sites 
in each patient chosen for sampling between the permanent 
upper left and lower right premolars If these teeth were 
missing, or did not make interproximal contact, plaque was 
removed from the upper right and lower left premolars. 
Plaque samples were collected at the start of the study, prior 
to prophylaxis, at 3 and 6 months in the expérimental phase 
of the study, and 3 months after the end of the experiment. 
Samples were removed by means of unwaxed dental floss 
and transferred immediately into pre-reduced transport fluid 
(RTF).1 6 Microbiological laboratory procedures com-
menced as soon as possible, usually within 1 hour of sample 
collection. 
Microbiological Procedures 
Plaque samples were dispersed by mild somcation for 20 
seconds at 40 KHz in an ultrasonic bath, then diluted 10-
fold with pre-reduced, sterile physiological saline. Aliquots 
of the diluted and undiluted plaque samples were plated 
onto a variety of selective and non-selective agars (Table 
1) by means of a spiral plater ' The plates were incubated 
under growth conditions optimum for each population (Ta-
ble I). 
Jencon s Sciennric Ltd . Leighion Buzzard England 
'Model D, Don Whitley Scientific Ltd . Shiple\, England 
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Tabic I: Microbial Populatioas Assayed, Growth Media, and 
Growth Conditions (iDcubalion at ІТС) 
Table 2: Number of Subjects Attending per E u m ι nation 
Organism 
Total Aerobes 
Tout Anaerobes 
Black pigmented 
Bacumdes 
В gingivals 
Ааілотка 
Uaobacillus 
Fusobaaenum 
Vtdhntlla 
Slrrplococcus 
S. mutans 
Yeasts 
Gram Negative 
Enterics 
Tnclosan-Resistant 
Bactena 
Growth Medium 
Blood Agar 
Supplemented Blood Agar" 
Supplemented Blood Agar'* 
Colistin sulphate, nalidixic 
acid agar" 
Cadmium sulphate, sodium 
fluoride agar" 
Acidic agar'" 
Crystal violet erythromycin 
agar-·" 
Crystal violet erythromycin m 
agar--" 
TYC agar11 
TYCSB agar11 
Sabourands Dextrose Agar 
(Oxoid) 
MacConkey Agar (Oxoid) 
Brain Heart Infusion Agar 
(Oxoid) + 1 mg/ml 
Tnclosan 
Time 
Condition (days) 
Aerobic 2 
Anaerobic 3 
Anaerobic 14 
Anaerobic И 
10% CO, 3 
Anaerobic 3 
Anaerobic 3 
Anaerobic 3 
20% CO. 3 
2 0 ^ CO, 3 
Xerobic 3 
Aerobic 3 
Anaerobic 3 
After incubation, the total numbers of aerobic and an­
aerobic colonies per plaque sample were counted Colonies 
growing on selective media were initially identified for 
counting by colony morphology The identity of selected 
colonies was confirmed by Gram stain and commercially 
available biochemical tests.' 
Data Analysis 
Comparisons of the effects of the two dentifrices were made 
on the recorded data after 3 and 6 months, using the one­
way analysis of variance statistical procedure either without 
or with a covanate. 
The prevalence and incremental change from baseline 
were used for the statistical assessment of the clinical data 
on plaque and gingival health Only data for patients who 
exhibited calculus at the pre-study examination were used 
with the individual's pre-study score incorporated as a co­
vanate in the analysis. 
The microbiological data were logarithmically trans­
formed to base 10 and the average of two plaque samples 
transformed counts for individual subjects utilized for both 
the summary and statistical analysis 
RESULTS 
Clinical Observations 
Participation at the four examinations is shown in Table 2. 
Attrition during the expérimental phase occurred for reasons 
unrelated to the study and no adverse reactions on soft 
tissues, the teeth, or restorations were recorded, 146 pa-
tients completed the study 
•API 0A. API20 Strep, and API2m Api Laboralorv Products Ltd Bas 
mgstokc. England 
Initial 
216· 
Group 
Control 
Test 
Baseline 
8 Ö -
81 
161 
3 Month 
77 
155 
72 
74 
146 
'55 pamctpants who achieved less than 40^ improvement in gingival 
bleeding during the 4.week pre test period were not entered into the studv 
Table 3- Mean iStandard Error) Plaque Index of Tesi and Control 
al Each of the Assessments 
Group 
Control 
Test 
η 
72 
74 
Prestudv 
0 72 (0 05) 
0 70 (0 05) 
Baseline 
0 15 (0 02) 
0 12(0 01) 
3 months 
0 23 (0 03) 
0 20 (0 03) 
6 months 
0 28 (0 03) 
0 21 (0 03) 
Table 4: Mean (Standard Errori Gingival Bleeding (%) Sites In Test 
and Control Groups at Each οΓ the Assessments 
Group 
Control 
Test 
Pre Study Baseline 
31 8(1 6) 
31 9(1 7) 
9 0 (0 6) 
β 3 (0 6) 
3 Months 
20 6(1 4) 
12 6(1 0)' 
24 5(1 5) 
12 2(0 9)-
"Difference between incremental changes of both groups statisticallv sig 
niflcant at Ρ < 0 001 
Table 5: Mean (Standard Emir) Gingival Bleeding Scores 
According to Treatment and Age by Test and Control Group at 
Each of the Assessments 
Group Age 
Control £30 
Test s30 
Control >30 
Tesi >30 
Pre Studv Baseline 3 Months 6 Months 
29 9(1 8) 
31 6 (2 2) 
33 8 (2 7) 
32 3(2 5) 
8 9 (0 9) 
8 5 (0 9) 
9 2 (0 9) 
8 0 (0 9) 
20 I (I 9) 
11 4(1 1) 
21 I (1 9) 
13 9(1 7) 
24 3 (2 0) 
12 3(1 0) 
24 8 (2 3) 
12 I (1 4) 
The mean plaque index for the control and the test group 
at the pre-study assessment was 0.72 and 0 70, respec­
tively, and percentage of sites bleeding on probing was 31 8 
and 31.9, respectively During the 4 weeks of the pre-study 
period, the mean plaque values and gingival bleeding in 
both groups were substantially reduced (Tables 3 and 4) 
At the 3- and 6-month examinations, plaque levels of 
both groups remained relatively low While there was a 
lower plaque score for the test group, significance was only 
at the 10% level. Over the same period, signficantly lower 
levels of gingival bleeding were observed in the test group 
(P < 0 001) at both assessments The effect of age (< 30 
and > 30) on the gingival bleeding response is shown in 
Table 5 Both groups exhibited similar responses within 
groups and across treatments Figure 1 shows the "c of 
gingival bleeding of all participants pre-studv and of the 
test and control groups at the 6-month examination The 
proportion of participants with < W^ sites bleeding was 
43"^ in the test group and 11't in the control group 
The mean calculus score per site at the pre study ex­
amination (Table 6) was approximatelv 0 6 mm At both 
too 
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Figure ƒ. Dismbunon of cumulainr frequency of individual's Ъ gingival 
bleeding sues at the initial examination for ilte *ttole group and at 6 
months for test and control groups. 
Table 7: Mean 5. musans and Fmobacunum Counls in Plaque for 
Test and Conimi Groups al Ihe Inilial Examination, 3 and 6 
Months, and 3 Months Posl-Expenmental Phase (CFL' Log,, ± 
s.c/sample) 
Bacteria 
S. mutans 
Fusobactenum 
Time 
Initial 
3 months 
6 months 
3 months 
Post exp. 
Initial 
3 months 
6 months 
3 months 
Post exp. 
л 
Ï5 
14 
20 
7 
19 
9 
19 
7 
Test 
3.10 = 0.25 
2.99*0.22 
3.53 5:0.16 
2.99 » 0.26 
3.10±0.15 
2.29±0.22 
3.07 »0.16 
3.03 ±0.11 
η 
14 
13 
18 
9 
18 
8 
17 
9 
Control 
2.82 = 0.16 
2.81=0.13 
3.21=0.18 
2.73 = 0.18 
3.19 = 0.16 
2.10 = 0.21 
3.37 = 0.12 
2.77 = 0.21 
η = iota! number of subjects with ai least one sample with delectable 
level. 
Table 6: Mean Calculus Score (mm) (Standard Error) per Site in 
Test and Control at Each Assessment for Subjects Exhibiting 
Calculus at the Prestud> Examination 
Table 8: Aerobes and Anaerobes In Plaque for Test and Control 
Groups at the Initial Examination, 3 and 6 Months and 3 Months 
Post-Experimenta I Phase (CPU Logl0 £ s.c/sample) 
Group 
Control 
Test 
Slalistical 
Significance 
η Prc-Study 
42 0.59 (0.061 
50 0.63 (0.06) 
3 months 
0.25 (0.05) 
0.14 (0.03) 
Ρ <0.05 
6 months 
0.36 (0.07) 
0.18(0.04) 
Ρ <0.01 
the 3- and 6-month assessments the calculus level in the 
test group was significantly lower than for the control group. 
Bacteria 
Aerobes 
Anaerobes 
Time 
Initial 
3 months 
6 months 
3 months 
Post exp. 
Initial 
3 months 
6 months 
3 months 
Post exp. 
η 
20 
14 
20 
8 
20 
14 
20 
8 
Test 
5.21=0.15 
(4.94 = 0 17) 
5 38 = 0.16 
5.19 = 0.22 
5.95 = 0.12 
[5.17 = 0.14] 
5.69 = 0.14 
5.93 = 0.22 
η 
20 
14 
20 
11 
20 
14 
20 
11 
Control 
5.36 = 0.16 
|5.44 = 0.17| 
5 43=0.14 
5.04 = 0.20 
5.85 = 0.13 
[5.75 = 0.15] 
5.78 = 0.11 
5.25 = 0.18 
Microbiological Observations 
Of the 40 participants whose plaque was sampled for mi­
crobiological analysis, 28 attended the 3-month visit; 40, 
(he 6 month; and 19 the final, post-treatment visit. Non-
attendance was due to reasons unconnected with the study. 
Streptococci, aerobic, and anerobtc bacteria were iso­
lated from all the samples analyzed, but detectable levels 
of Veillonella, Actinomyces and Lactobacillus were nol 
present in samples from several subjects. Since less than 
half the subjects had non-detectable levels (< 20 cfu/ml 
RTF) of 5. mutans and Fusobactenum at some time during 
the study, quantitative assessment of these data was re­
garded meaningless (Table 7). 
The mean numbers of total aerobes, anaerobes. Strep­
tococcus, Lactobacillus, Vedlonella, and Actinomyces in 
each group are presented in Table 8 and 9. There were no 
significant differences between placebo and test groups for 
Streptococcus, Lactobacillus, or Actinomyces. 
Veiy few Gram-negative rods, Candida albicans, or other 
yeasts or bacteroides were found in plaque samples from 
either the test or placebo group at any time during the study. 
For example, detectable levels of Gram-negative rods were 
found in samples from only four participants in the test 
group during the whole study. Likewise, none of the sub­
jects in the test group had detectable levels of triclosan-
resistant bacteria after 6 months use of lest dentifrice. 
η = total number of subjects. 
Treatments in brackets are signilicamly different using ANOVA. 
Table 9: Slreptoeoecus, Actinomyces, Lactobacillus, and Veiüoneüa in 
Plaque for Test and Control Groups at the Initial Examination, 3 
and 6 Months and 3 Months Post-Expenmental Phase (CFU. Log,« 
± s.c/sample) 
Streptococcus 
Actinomvces 
Lactobacillus 
Veillonella 
Time 
Initial 
3 months 
6 months 
3 months 
Post exp. 
Initial 
3 months 
6 months 
3 months 
Post exp. 
Initial 
3 months 
6 months 
3 months 
Post exp. 
Initial 
3 months 
6 months 
3 months 
Post exp. 
η 
20 
14 
20 
8 
20 
13 
17 
8 
20 
14 
20 
8 
20 
11 
20 
7 
Test 
4.78 = 0.15 
4.13 = 0.19 
4.75 = 0.16 
4.43 = 0.18 
3.64=0.23 
2.88 = 0.12 
3.26 = 0.27 
3.13 = 0.14 
4.01=0.10 
2.93 = 0.08 
3.07 = 0.16 
2.99 = 0.13 
3.34 = 0.15 
2.59 = 0.16 
3.72 = 0.15 
3.49 = 0.12 
η 
20 
14 
20 
11 
20 
14 
20 
11 
17 
14 
20 
11 
18 
10 
20 
11 
Control 
4.83=0.19 
4.56 = 0.18 
4.47 = 0.12 
4.51=0.17 
3.75 = 0.23 
3.15=0.22 
3.43 = 0.19 
3.14 = 0.08 
3.77 = 0.18 
3.16 = 0.11 
3.19 = 0.14 
2.93 = 0.10 
3.40 = 0.13 
2.56 = 0.25 
3.94 = 0 11 
3.36 = 0.15 
η = total number of subjects. 
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DISCUSSION 
Maintenance of a low level of plaque, consistent with gin­
gival health, is an important element of any dental health 
program. A high level of oral hygiene can be maintained 
over extended periods by individuals who are provided with 
regular toothcleaning instruction and scaling.24 Normally, 
however, individuals who have participated in experimental 
dental health programs fail to comply with the instructions 
they have been given.25 As a result, there is some retum ю 
pre-study plaque levels,26 although some benefits from the 
programs remain. The present study has confirmed that when 
a suitable oral hygiene technique is adopted, gingival health 
can be improved markedly. After the 28-day pre-expen-
mental period, approximately 60% of participants had '< 
10% gingival bleeding on probing, whereas none of the 
participants had this degree of gingival health prior to the 
study. It can be concluded from the gradual deterioration 
of the baseline level of gingival health over the following 
6 months that, without frequent professional intervention, 
individuals gradually fail to comply with oral hygiene 
instructions.27 
The present unsupervised trial has demonstrated that the 
users of the test dentifrice significantly maintdined their oral 
health when compared to the control group. This is in full 
agreement with two earlier studies on a similar tnclosan/ 
zinc citrate containing dentifrice, albeit that formulation 
contained a higher zinc concentration.41" 
In addition to the observed significant difference in the 
average scores in gingival bleeding for both groups, the 
data can be analyzed in the form of a frequency distnbution 
(Fig. 1). At 6 months, 4 3 % of subjects on the test formu­
lation had less than 10% of sites bleeding compared to 11% 
of subjects in the control group. While subjects with this 
level of bleeding sites are not healthy in an absolute sense, 
this cut-off point of 10% bleeding sites has been used before 
as a realistic parameter for health in clinical studies.2" Fi­
nally, the benefit obtained for the test product was inde­
pendent of age of subjects. 
The results with respect to plaque levels at 3 and 6 months 
show a difference between test and control. Although the 
difference is not statistically significant at Ρ = 0.05, the 
trend is in agreement with other studies in which the anti-
plaque effect of formulations containing zinc and mclosan 
has been estaЫished,''·''·lu•l, and it could be speculated that 
this is due to the thoroughness of brushing by both groups 
immediately prior to examination. 
Calculus control can, in principle, be achieved by using 
antiplaque agents, as shown by Volpe et al.24 as well as by 
anticiystallization agents such as pyrophosphate4'31 and zinc 
compounds.32 Data regarding calculus formation were col­
lected for those participants exhibiting calculus upon entry 
in the study. At 6 months the test group had half the amount 
of calculus of the control group. In the present investiga­
tion, the favorable anticalculus effects observed are likely 
to be due to a combination of the antiplaque effect of the 
triclosan/zinc combination and the anticrystal formation 
properties of zinc citrate. Ritchie et a l ." have observed less 
calculus in dogs after applications of mouthnnses contain­
ing a zinc salt and quaternary ammonium compounds, and 
Fischman et al.14 have reported reduced calculus in humans 
after they had used mouthnnses containing zinc and an 
antimicrobial agent. 
The antimicrobials zinc citrate and tnclosan, when in­
corporated into a dentifrice, can clearly help to control the 
development of gingivitis and calculus. However, such 
antimicrobial agents, if present in a dental product that is 
used daily, may cause population shifts in the oral flora by 
selective activity, or by allowing overgrowth of opportun­
istic pathogens following the suppression of the predomi­
nant organisms. 
After 6 months regular use of the dentifrice, no signifi­
cant population shifts in the oral flora were detected. In 
contrast, regular use of other antimicrobial agents has been 
shown to cause population shifts in the oral microflora with 
Chlorhexidine, for example, reducing the total numbers of 
oral bacteria and specifically suppressing the levels of S. 
mutans and Actinomyces in plaque.35·36 
Bactenal tolerance, or resistance ю an antimicrobial agent, 
may also induce population changes in the oral flora. This 
is a particularly important consideration when a denunce is 
intended for daily use. 
Several studies have shown that prolonged use of 
Chlorhexidine results in the oral flora, particularly Acti­
nomyces and 5. sanguis, becoming less sensitive with 
time after prolonged use.3"·3 ' However, there was no evi­
dence for the development of resistance to tnclosan by 
any oral bacteria after 6-months use of the zinc citrate/ 
tnclosan dentifrice. The inclusion of tnclosan in the pri­
mary isolation media, in a manner analogous to that used 
previously for fluoride,4" would have allowed detection 
of low numbers of tnclosan-resistant bacteria if they had 
been present. 
In conclusion, this study has demonstrated that a denti- · 
fnce containing zinc citrate and tnclosan, used regularly 
over 6 months, promoted gingival health and inhibited cal­
culus formation, without affecting the balance of the oral 
flora. 
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CHAPTER 11 
DISCUSSION 
11.1 Concepts 
The control of dental plaque is one of the fundamental 
requirements for the maintenance of a functional dentition 
throughout life. More specifically, the presence of plaque at 
the high levels found in most people is largely responsible 
for the widespread prevalence of gingivitis which is both 
socially and clinically undesirable. It has also been 
suggested that good oral hygiene is important to reduce the 
rate of progression of periodontitis (Abdellatif and Burt 
1987, Attstrom 1988) . 
Although it is generally recognised (Chapter 1) that a good 
mechanical tooth cleaning regime can maintain low levels of 
plaque, few people can sustain the dedication required to 
consistently perform this exacting regime. It has long been 
accepted that improved plaque control might be achieved with 
the use of antimicrobial or antiplaque agents. Miller in 
1890, when describing the microbiota of the mouth, suggested 
that the "proper and intelligent use of antiseptics to destroy 
the bacteria" would be one method of preserving the dentition. 
The same view prevails today, but proper use as well as the 
nature of the antimicrobial agent and the method of delivery 
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have been found to require in-depth clinical, microbiological 
and formulation research. In the introduction of this 
dissertation the argument in favour of the dentifrice as a 
delivery vehicle was given, and the range of antiplaque agents 
that have been used in dentifrices was reviewed. From this 
review, conclusions were reached that none of the approaches 
so far taken upto the start of the study were entirely 
satisfactory. Traditional dentifrices exhibited only modest 
antiplaque activity, often failing to reduce gingivitis. At 
best, they yielded only equivocal data in support of their 
use. 
The approach taken in the present project was to use a 
combination of two antimicrobial agents. Although the number 
of possible permutations of antimicrobial agents is 
considerable, the final selection of zinc citrate and 
Tnclosan met the basic requirements for oral use. It was not 
intended that plaque should be totally eliminated but be 
controlled at levels capable of maintaining an acceptable 
level of gingival health. 
The decision to use two antimicrobial agents instead of a 
single agent as often encountered in the literature was based 
on the assumption that synergy of the agents could produce 
enhanced antiplaque efficacy. Studies by Spowels and Poe 
(1943) and Saxer and Muhlemann (1983) demonstrated that the 
activity of the organic antimicrobial agents could be 
increased by the addition of metal salts. Metal salts 
themselves are also bactericidal against oral organisms and 
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possess affinity to plaque (Scheie 1989). However, some of 
the metal ions have unpleasant side effects which include 
staining (eg stannous) and unpleasant taste (Marsh 1991), 
thereby limiting their application in a widely used 
dentifrice. Zinc,- specifically zinc citrate, was selected as 
one of the antiplaque agents because of its known modest 
antiplaque activity, compatibility with dentifrice excipients 
and an extensive safety record, including the absence of 
toothstaimng. 
The most potent antiplaque agents are generally cationic 
compounds i.e Chlorhexidine and quaternary ammonium compounds, 
which, although active in simple solutions, possess 
significant side effects and are inactivated by the detergents 
and other ingredients used in dentifrices. Non-charged 
phenolic agents have a long history of oral use and their 
antiplaque effectiveness has been demonstrated (Fine et al 
1985, Gordon et al 1985). Triclosan 
(2,4,4'-trichloro-2'-hydroxydiphenyl ether) meets four 
essential criteria. These are: a broad spectrum of 
antimicrobial activity against oral organisms (Ritchie and 
Jones (1985), oral retention (Gilbert and Williams 1987), a 
good safety record in personal products and the low 
probability of occurrence of the side effects observed when 
cationic materials are used. 
In all the studies undertaken the composition of the test and 
control dentifrices was based on aluminium hydroxide as the 
polishing agent, and it included humectant, binder, 
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Surfactants and sweetening agent plus sodium 
monofluorophosphate as the anticanes agent. Although other 
dentifrice compositions are possible based on alternative 
polishing agents such as silica or chalk, the stability of 
zinc and fluoride salts in aluminum formulations was known at 
the start of the research and this fact influenced the 
selection of this dentifrice. Since then the zinc and 
Triclosan have been shown to be bioavailable in formulations 
containing silica as polishing agent and sodium fluoride as 
the anti-caries agent. 
11.2 Clinical Models used in the investigations 
The activity of the zinc/Tnclosan combination has been 
investigated in a sequence of human clinical models, each 
providing confidence in the efficacy of the system before 
proceeding to the next, more complex model. Finally the 
dentifrice was investigated in long term, normal use 
unsupervised brushing trials. The main characteristics of the 
five models are shown in table 2. 
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Table 2. Main characteristics of the 5 clinical models used. 
Model 
No. 
Primary 
Aeeeseinent 
Period of 
testing 
Cross-
over 
1 
2 
3 
4 
5 
Plaque 
Plaque 
Plaque/Gingivi cis 
Plaque/Gingivitis 
Plaque/Ging ivi tis 
/Calculus 
16 hr 
4-days 
21-days 
28-days 
7-months 
yes 
yes 
no 
yes 
no 
Dentifrice application 
Brushing 
* 
yes 
no 
no 
yes 
yes 
Slurry 
no 
yes 
no 
no 
no 
Shield 
no 
yes 
yes 
no 
no 
* Toothbrushing not permitted between start and finish of the 
test. 
Initial investigations into the potential of dentifrices or 
mouthrinses to reduce plaque and gingivitis can be complicated 
by large intersubject variation in toothbrushing or 
motivational effects. The effects of these variables can be 
so large that any additional effects of a chemical antiplaque 
agent would be masked. The first three clinical models 
therefore, investigate the potential of antiplaque and 
antigingivitis systems without the intervention of 
toothbrushing. The final clinical models establish efficacy 
under more normal conditions of use. 
The first short-term model is the single application test 
described by Harrap (1974) in which the effect of the 
dentifrice can be determined, after a single toothbrushing, on 
the overnight regrowth of plaque. 
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The second short term model is based on 4 days non brushing in 
which the dentifrice can be applied as a slurry (Addy et al 
1983) or in undiluted form via a toothshield (Svatun, Rolla 
1981) . In this model the effect of multiple applications of 
the test system can be observed on greater accumulations of 
plaque. 
The third model is the first and most rapid method of 
assessing the potential of the dentifrice to prevent 
gingivitis. First developed by Loe et al (1965) to study the 
relationship between plaque and gingivitis the experimental 
gingivitis model with various modifications has been used to 
study the effects of mouthnnses. The model has been further 
adapted (Saxton and van der Ouderaa 1989, Saxton 1989) for 
studying the efficacy of dentifrices. For the investigation 
of dentifrices, two modifications to the model used by Loe and 
Schiott (1970) were necessary. These were, firstly, the 
restriction of the non brushed dentition to five posterior 
teeth by wearing a custom made toothshield during 
toothbrushmg, and secondly using the toothshield to apply the 
test dentifrice. Recruitment and compliance were maximised by 
this approach which was considered both practical and 
acceptable by the participants. 
The fourth model investigates the effect of the dentifrices in 
a normal brushing regime to reduce plaque accumulation and 
gingivitis over a period of 4 weeks. The model is based on a 
crossover design with a 4-week pre-study period introduced to 
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overcome motivational influences and effects of professional 
cleaning on the removal of calculus. 
The fifth model is a 7-month brushing study. While the short 
term studies provide ever increasing confidence m the 
potential of the dentifrice system to reduce plaque 
accumulation and improve gingival health, it is necessary to 
demonstrate the efficacy of any therapeutic system in 
realistic, uncontrolled, unsupervised, double blind brushing 
studies. In 1986, the American Dental Association Council on 
Dental Therapeutics recommended guidelines for the conduct of 
clinical studies to support efficacy of products directed at 
improving gingival health and oral hygiene. In the absence of 
any European guidelines since the Federation Dentaire 
Internationale Report in 1977, the ADA recommendations were 
adopted as the criteria of efficacy for the present research. 
The Council of Dental Therapeutics recommended studies of at 
least 6 months duration, on populations representing typical 
users of the product, with doses and frequency of application 
corresponding to normal use. Included in the recommendations 
are monitoring of soft tissues for adverse reactions and the 
oral ecology for adverse shifts in the normal microbial 
distribution and the development of resistance to the agents. 
In the 7 month brushing model the gingival health status was 
defined by a Bleeding Index. Gingival inflammation is 
characterised by three clinical symptoms, erythema, edema and 
tendency of the gingivae to bleed. Loe and Silness (1963) 
devised the Gingival Index (GI) which combined the three 
symptoms in a single 0-3 scale. In this index weighting was 
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in favour of visual changes in gingival tissues, since 
bleeding tendency was investigated only after erythema had 
been observed. A contrary view was taken by Muhlemann and Son 
(1971) who claimed that gingival bleeding was an early sign of 
gingivitis and was therefore a leading symptom of disease. 
Similarly, Ainamo and Bay (1975) considered gingival bleeding 
to be important and recommended a simple dichotomous index of 
the presence or absence of bleeding. Cowell et al (1975) 
devised a 0-3 severity scale for recording gingival bleeding 
tendency, based on time taken for bleeding to be observed. 
Muhlemann (1976) suggested the Papillary Bleeding Index which 
was based on the amount of bleeding which occurred on probing 
the papilla rather than the sulcus of the gingiva, which is 
more generally used with the earlier indices. 
The tencency of the gingivae to bleed has been generally 
accepted as one of the leading, and important, clinical 
symptoms related to gingival inflammation. The absence of 
bleeding is taken to indicate health, whereas an increase in 
the proportion of gingival units which bleed has been taken as 
an indicator of the severity of gingivitis Many 'bleeding 
indices' have been introduced wmch have varied in the method 
used to elicit the bleeding response. In the 7 month model a 
Bleeding Index was used which was based on the simple 
dichotomous index suggested by Ainamo and Bay (1975). The 
method of probing has been described in Chapter 8. 
11.3 Clinical Findings 
The investigations reported in Chapter 2-10 show the sequence 
of studies undertaken from the concept of using single 
antiplaque agents, and the combination of the two, through to 
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confirming the clinical benefits in studies designed to 
conform to the requirements of the American Dental 
Association. During the research a range of concentrations of 
the antiplague agents was investigated. In addition, the size 
of the studies varied according to the power of the model and 
subject availability. These variables, together with the 
efficacy of the dentifrice formulation have been summarised in 
table 3. 
Table 3. A summary of the data on concentrations of the agents 
investigated, size of the studies and the effectiveness of the 
dentifrices from Chapters 2-10. 
Chapter 
2 
3 
4 
5 
6 
7 
β 
9 
10 
Level 
of zinc 
citrate 
0 5 
0 5 
0 5 
0 5 
0 5 
0 
0 5 
0 5 
1 0 
0 
1 0 
1.0 
1 0 
1 0 
1 0 
0 5 
0 5 
0 5 
0 5 
Level of 
Trlclosan 
0 
0 
0 
0 
0 
0 2 
0 2 
0 2 
0 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 2 
0 2 
0 2 
0 2 
Clinical 
model 
1 
i 
1 
1 
1 
1 
1 
1 
2 
2 
2 
4 
4 
5 
5 
2 
4 
4 
5 
Number 
of 
eubjecte 
17 
18 
20 
21 
23 
15 
23 
15 
12 
12 
12 
48 
49 
102 
89 
34 
34 
53 
216 
4 
difference 
c f . 
control 
Plaque 
23 
34 
27 
25 
22 
20 
37 
38 
16 
20 
50 
28 
20 
50 
50 
35 
15 
20 
2 5. 
GlnglvltlB 
_ 
-
-
-
-
-
-
-
-
-
-
20 
21 
69 
60 
-
40 
45 
50 
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Dentifrices containing only one active agent, zinc citrate, 
were investigated for their antiplaque activity (in Chapter 
2). Dentifrices containing the zinc salt at concentration of 
0.5% (or stannous fluoride at 0.4%), exhibited a modest 
inhibition of plague regrowth (26%) following a single 
toothbrushing (Model 1) after a duration of time representing 
a typical period between toothbrushing i.e 16 h. The 
demonstration of antiplaque activity for the zinc salt was 
consistent with the increases which occurred in the 
concentration of zinc in saliva and plaque for at least an 
hour following use of the paste. Oral retention and 
bioavailability have been considered important parameters for 
antiplaque activity, and more recent studies (Gilbert 1987) 
have shown that elevated zinc levels were present in saliva 
for at least several hours. The study further emphasised the 
differential antiplaque effects according to the individual's 
propensity to form plaque. Subjects with relatively high 
rates of plaque formation were more susceptible to the 
antiplaque activity of zinc. Although the factors responsible 
for variations in the rate of plaque growth were not 
investigated, it is reasonable to assume that subjects with a 
high rate of plaque growth potential would exhibit a worse 
standard of oral hygiene compared to low plaque formers. 
Further analysis of the data indicated that the action of zinc 
was greatest on plaque-bearing tooth surfaces, compared to 
plaque-free surfaces. Confirmation of this observation would 
suggest that the mode of action of zinc is related to its 
reaction with plaque bacteria; zinc inhibits microbial 
proliferation rather than preventing bacterial colonisation 
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from the bacterial reservoir in saliva. More recent attempts 
to increase the activity of zinc by increasing the zinc 
concentration have been unsuccessful, as can be deduced from 
the data shown by Pretara-Spanedda et al, 1986, and Saxton and 
Cummins, 1989. 
The influence of adding Triclosan (0.2%) to the dentifrice 
containing zinc on plaque accumulation was described in 
Chapter 3. The same model used in Chapter 2 was used to 
establish if any benefit could be obtained by having both 
antiplaque agents present in the same formulation. The 
findings of Saxton et al (1986) (Chapter 2) that dentifrices 
containing only zinc citrate inhibit plaque growth were 
confirmed. This compound inhibited plaque growth by 
approximately 20%. Moreover, the same dentifrice formulation 
with 0.2% Triclosan substituted for the zinc salt, exhibited a 
similar level of antiplaque activity; a comparable finding to 
that observed more recently by Jenkins et al (1989) using a 
different model. Combining the two agents m the same base 
dentifrice significantly improved its efficacy. The 38% 
inhibition of plaque regrowth approximated to that of the 
combined activity of the individual agents, and supports the 
view that the two agents do not adversely interact with each 
other in the dentifrice. 
However, other published reports of short term human studies 
have concluded that there is little benefit from Triclosan 
when used alone or even in combination with zinc citrate (Addy 
et al 1989, Jenkins et al 1989). The reasons for these 
conflicting results are uncertain, but it is possible that the 
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composition of the study group could have contributed to the 
absence of an effect. In both studies dental students 
participated who, it was stated, possessed excellent standard 
of oral hygiene and gingival health. Such subjects might, 
therefore, form relatively low levels of plaque even when 
abstaining from toothbrushing for 4-days. This view is 
supported by the reported (Addy et al 1989) mean Plaque Index 
(P1I) of 0.22 for the control after 4-days of non-brushing, 
indicating that,on average almost 80% of toothsurfaces were 
considered to be plaque-free. The low rate of plaque 
formation might have been responsible foe the relatively small 
effect ( 30%) obtained for the positive control, 0.2% 
Chlorhexidine, which, with a mean P1I score of 0.15 indicated 
85% of surfaces to be plaque-free Since the difference 
between the negative and positive controls were, on average, 6 
plaque-bearing surfaces, it would be difficult to demonstrate 
significant effects for treatments of intermediate levels of 
antiplaque activity. This interpretation reinforces the 
importance of subject selection relative to the aims and 
design of the study and supports the view that the use of 
dental students should be carefully considered before using m 
clinical studies. 
The data were examined in a manner similar to the studies in 
Chapter 2 : the plaque growth on individual teeth was analysed 
in an attempt to gam some insight as to the relative roles of 
two agents in the inhibition of plaque growth. The relatively 
small antiplaque effect of zinc on surfaces which originally 
had been clean, in comparison to a larger influence on plaque 
bearing surfaces (observed in Chapter 2) was confirmed. In 
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contrast, when Tnclosan was used as the only antimicrobial 
agent«the effect was greatest on surfaces which were plaque-
free after brushing, suggesting that Tnclosan, absorbing to 
oral surfaces, is probably effective in preventing bacterial 
colonisation from saliva or inhibiting growth of colonising 
organisms; a mode also ascribed to Chlorhexidine (Davies et al 
1970). When combined m the same formulation the additive 
effect of the agents ensures an overall antiplaque influence, 
irrespective of the plaque status of the teeth. The 
importance of this finding is realised when considering the 
implications of using the dentifrice under 'normal' home 
conditions in which plaque control is generally sub-optimal 
and copious amounts of plaque could be present. The 
effectiveness of the dual active dentifrice on ever increasing 
plaque accumulation was addressed in studies involving 
clinical model 2. Both studies, which differed in respect to 
mode of delivery of the dentifrice and degree of dilution and 
also the plaque scoring method, confirmed that even when an 
average of 30% of the toothsurface would be covered with 
plaque (placebo), the dual active dentifrice significantly 
reduced plaque extension by 30-45%. The intrinsic 
antimicrobial activity of an agent, as defined by laboratory 
tests such as Minimum Inhibitory Concentration, is not 
necessarily indicative of antiplaque activity in the mouth 
(Gjermo 1970). This is because other properties of the agent 
are also important, if the level of activity is to achieve 
clinical significance. The physicochemical properties of the 
agent, its oral retention and subsequent release 
characteristics are determinants of an agent's ability to 
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effectively inhibit plaque in vivo. Pharmacokinetic studies 
investigating the action of Chlorhexidine led to the 
hypothesis (Gjermo 1970, Bonesvoll et al 1974, Сцегто 1975) 
that a successful agent would be retained on oral surfaces 
from the initial dose, and gradually released into the saliva 
and, hence, to the plaque bearing sites. In this way, oral 
tissues act as reservoirs for the slow release of the agent, 
thereby prolonging the availability of the agent at active 
concentrations. The oral pharmocokinetic data for zinc and 
Tnclosan have been reviewed recently by Cummins (1992). 
Studies have demonstrated that approximately 30% of zinc and 
Tnclosan from the initial dose are retained in the oral 
cavity after toothbrushing with a dentifrice containing these 
agents (Gilbert et al 1987, Gilbert and Williams 1987) . The 
salivary decay curves indicate a bi-phasic clearance for both 
agents, with a half life of zinc (45 minutes) being longer 
than that of Tnclosan (20 minutes) . However, Tnclosan has 
been found in plaque for at least 8 hours after the initial 
dosing (Gilbert and Williams 1987) in contrast to the more 
rapid clearance from the oral mucosal tissues, suggesting that 
the antimicrobial effect could be prolonged in niches 
predisposed to plaque accumulation. 
The differential antimicrobial effects of both agents have 
been studied in chemostat studies using mixed cultures of up 
to 10 oral microorganisms (Marsh 1991) In the system used, 
zinc exhibited very little activity, probably due to the 
complexation with proteins and peptides in the growth medium, 
but Tnclosan significantly inhibited growth of some oral 
bacteria. However, when the two agents were dosed together 
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additive inhibitory effects were observed (Marsh 1991), 
confirming that the two agents have complementary modes of 
action. A significant observation was the selective effect of 
the combination. Organisms in supragmgival plaque usually 
associated with health were least affected by the zinc and 
Tnclosan compared to organisms implicated with gingival 
disease (Marsh 1991) . 
The consistent demonstration of increased antiplague efficacy 
for a dentifrice containing zinc citrate and Tnclosan 
encouraged investigations into its efficacy against 
gingivitis. In the first two studies the concentrations of 
both active agents were approximately doubled m an attempt to 
improve the clinical activity even further. Plaque studies 
shown m Chapters 4 and 5 demonstrate that whereas the 
antiplaque activity of 1% zinc citrate and 0.5% Tnclosan as 
individual agents both inhibited plaque by approximately 15%, 
and are thus similar in activity to the lower levels of both 
agents (Chapter 3), the activity of the combined system 
appeared greater (50%) than when used at the lower 
concentrations (30%). The antiplaque activity of the 
dentifrice was of interest regarding the conclusion reached by 
Addy et al (1983) using the same clinical model. Their data 
showed that dentifrices reduced plaque by 10 - 15% whereas 
Chlorhexidine mouthrinse reduced plaque by 50-78% depending on 
the plaque scoring method. The authors concluded that by 
comparison with Chlorhexidine, which is known to be effective 
against gingivitis, dentifrices exhibiting 10-15% antiplaque 
activity would be ineffective against gingivitis". The 50% 
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reduction in plaque accumulation observed in the present study 
further justified investigation into the possible therapeutic 
benefits of this dentifrice. 
The antiplaque activity of the higher concentrations of active 
agents was confirmed (Chapter 4) in a 4-week unsupervised 
brushing study. In a double blind, cross-over study (clinical 
model 4) 3 0% less plaque accumulated when using the dual 
active dentifrice compared with the use of the placebo. This 
was significant at p<0.01. This degree of antiplaque activity 
was sufficient to significantly reduce gingivitis by 27% under 
realistic conditions of dentifrice use. The 4-week period 
would have been sufficient time for side effects such as 
toothstaining to be observed but no adverse reactions of any 
nature were perceived. The importance of reducing the 
severity of the inflammation is highlighted in this study. 
Although all participants had at least some gingivitis on 
recruitment the collective data indicated that nearly all 
subjects would be clas'sified as 'healthy' or 'mildly' inflamed 
according to the classification by Loe (1967). The 
combination of relatively healthy gingival condition and 
strong motivation diminished the chance for a significant 
result if the aim of the study is to demonstrate improvements 
in a population in which the disease challenge is low. 
Reanalysis of the data, according to the baseline status of 
oral hygiene, demonstrated that subjects with relatively poor 
toothbrushing skills had greater gingival health benefits 
(47%) as defined by mean percentage gingival bleeding compared 
to participants already possessing a good oral hygiene regime 
(25%) . 
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In a second study (Chapter 5) based on the same clinical 
model, participants were selected on the basis of possessing a 
minimum of 30% gingival bleeding sites i.e moderate 
gingivitis. The antiplaque and gingival benefits of this 
dentifrice were confirmed, although the anticipated increased 
efficacy expected from using participants with greater 
severity of gingivitis did not occur. However, when the 
subjects were defined as having good/moderate or poor oral 
toothbrushmg skills at baseline, once again, when brushing 
technique was poor (P1I greater than 0.9) a greater difference 
(30%) was observed between placebo and test dentifrice effect 
compared to 11% for the subjects with a relatively better 
technique. A further variable possibly influencing the effect 
of the test dentifrice was examined, that of the amount of 
dentifrice used, which varied from less than 1 g to greater 
than 2 g for each brushing. Since it is logical to assume 
that any benefit to be derived from a therapeutic dentifrice 
might depend, to some extent at least, on the amount used in 
toothbrushmg, the data were analysed accordingly. 
As anticipated a correlation between the amount used and 
clinical effects was established. Subjects using small 
amounts of dentifrice had relatively small, 17%, reductions in 
plaque and gingivitis compared to 41% and 44% respectively for 
subjects using more than 2 g of dentifrice. This would 
suggest a dose dependency as greater amounts of antimicrobial 
components would be applied A similar observation was made 
for Chlorhexidine (Cummmg and Loe 1973). When the variables 
related to a toothbrushmg regime are considered together a 
clear message emerges, albeit from limited data. Subjects 
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with a good brushing technique benefited little from the use 
of small/medium amounts of the test dentifrice. In contrast, 
subjects with poor brushing skills who are, therefore, at 
greatest risk in respect to gingival health, appeared to 
benefit substantially from the use of the active dentifrice 
particularly when the average (l-2g) amounts mentioned above 
were used. If these findings are accepted, at least as a 
working hypothesis, a considerable proportion of the 
population might benefit from using the active dentifrice. 
The two pilot studies confirmed that the combination of zinc 
and Tnclosan not only prevents the accumulation of plaque 
but, in addition, improves the gingival health of adults whose 
age covered the normal dentate population. During the four 
week use of the dentifrice there was an absence of clinical 
side effects, such as those recorded for Chlorhexidine, 
hexetidine and similar compounds Nevertheless, some of the 
subjects expressed adverse comments regarding sensations to 
the tongue and the presence of a prolonged metallic 
aftertaste,- the former giving the most concern, since 
adsorption of Tnclosan through the oral mucosa was possible. 
Plaque studies (unpublished) indicated that by slightly 
modifying the dentifrice prossessing method, reducing the 
concentration of Tnclosan from 0 5% to 0 2% in the presence 
of 1% zinc citrate retained the improved antiplaque activity 
compared to either agent individually, and it was confirmed 
that the dentifrices containing Tnclosan at this 
concentration did not cause any burning sensation to the 
tongue. Based on these data, and the results of the two pilot 
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studies, further exploration of the clinical effects of the 
zinc/ Tnclosan dentifrices were undertaken. 
The clinical protocol (Model 5) is based on these guidelines 
and studies were undertaken which included a) independent 
clinical investigations b) different populations covering both 
a wider age range and both male and female subjects and c) 
investigation into possible changes in the normal flora during 
long term (6 month) use. In designing the protocol of the 
long term studies consideration was given to the influence of 
the 'Hawthorne Effect', the clinical effectiveness of 
mechanical plague control and the additional influence of 
using the test dentifrices. The 'Hawthorne Effect' is a well 
known phenomenon besetting most investigations involving human 
responses to a changed environment, complicating the 
interpretation of comparisons between working practices 
(Roethlisberger and Dickson 1939), or in clinical studies, the 
effect of a different treatment. The effect, originally 
described from a study carried out in factory working 
conditions, arises from changing the awareness of the 
participants m respect of the condition to be studied. In a 
clinical study this would be to make the participants aware of 
their dental and oral hygiene status and the fact of 
volunteering and knowing that their teeth would be examined 
would, in many instances, result in improved efficiency of 
toothcleaning. Although the effect should be similar to 
groups receiving either test or control treatments the 
magnitude of the effect is unpredictable and could possibly 
mask any influence of the test treatment. Cowell et al (1975) 
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addressing this problem suggested a pre-expenmental period 
should be given to overcome the 'Hawthorne Effect' prior to 
investigating the effect of a therapeutic product. The design 
used in the long term studies adopted this suggestion, and in 
addition, monitored the total effect of motivation and 
improved toothcleanmg practice. The pre-expenmental phase 
of four weeks served two purposes. Firstly, the gingival 
condition should be improved by compliance to a good oral 
hygiene regime including prophylaxis and the use of floss so 
that the gingival status achieved by the particular study 
population by mechanical plaque control could be established. 
Second, it allowed any deterioration of this status to be 
monitored over the succeeding 6-12 months and the ability of 
the test dentifrices to prevent this deterioration from 
occurring. In order to achieve a "high" standard of gingival 
health by mechanical cleaning a study group which was 
considered capable of good compliance with oral hygiene 
instruction was considered necessary in the first instance. 
The first independent study on the zinc and Tnclosan system 
is described in Chapter 6. This study, undertaken using a 
group of student medical nurses in Oslo, tested the concept 
that good gingival health could be attained by thorough 
mechanical cleaning but that without the assistance of the 
test dentifrice the improved gingival status would not be 
maintained. The efficacy of the test dentifrice was judged 
against the stability of the gingival status. Firstly, 
relative to that achieved after dedicated toothcleanmg and 
secondly compared to the health of the control group during 
the 6-month period following the toothbrushing instruction. 
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Studies by Axelsson and Lindhe (1978), Belling et al (1981), 
Glavind (1977) and Poulsen et al (1976) indicate that without 
reinforcement of toothcleaning instruction and frequent 
motivation, the substantial benefits which can be achieved by 
mechanical means are not sustained. The potential to achieve 
an acceptable oral hygiene standard, even after a single 15-
minute instruction on toothcleaning and a prophylaxis, was 
demonstrated by the reduction in the mean percentage of 
gingival bleeding from 26% at the start of the study to 4.5%, 
4 weeks after providing instruction. This remarkable 
improvement in gingival health of more than 80% reduction in 
gingival bleeding sites for the group as a whole possibly 
reflected the composition of the study population which was a 
group of young, health conscious females aged between 20 and 
26 years. The predominantly female study group was 
deliberately recruited for this first study because of the 
known propensity of females to foster better general health 
than similarly aged males (Todd 1975, Tucker et al 1976) who 
would, thus, be more motivated towards complying with oral 
hygiene instructions. 
During this first month all participants had been using a 
'conventional' fluoride dentifrice. Based on the pre-study 
data two balanced groups, stratified on plaque and gingival 
bleeding, were formed, one group to use the zinc/Tnclosan 
dentifrice and the other a control dentifrice which differed 
only in respect to omitting the zinc and Tnclosan. The 
participants using the control dentifrice failed, over the 
following 6 months, to maintain the optimal level of plaque 
control and gingival health attained following the primary 
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toothcleaning instruction. The most marked deterioration 
occurred within the first three-months following the pre-
experimental phase indicating a relatively rapid loss of the 
dedication that is required to maintain a high degree of 
plaque control. The level of plaque consistent with 
acceptable gingival health is uncertain; whilst a plaque-free 
dentition would be considered the ideal status, it is both an 
unrealistic and possibly undesirable goal. The presence of 
small amounts of plaque should be tolerated by the host 
tissues without causing clinical gingivitis and might in fact 
be essential in establishing immunological tolerance to the 
oral microflora (Roitt and Lehner 1980) . The amount of plaque 
in the dentition compatible with maintaining gingival health 
will vary according to the individual's immunological response 
and the microbial composition of the plaque. In the study 
described in Chapter 6, mean plaque levels of PlI 0.15 were 
apparently compatible with gingival health whereas PlI 0.3 was 
associated with mild gingivitis. In contrast to the control 
group, users of the zinc/Tnclosan dentifrice continued 
throughout the six months to have low mean plaque scores (PlI 
<0.15) and to have maintained a similar gingival health status 
to that attained by dedicated toothbrushing at the beginning 
of the study. Not only was the difference between treatments 
statistically significant, but examination of the distribution 
data showed that 60% of individuals who used the test 
dentifrice had less than 5% mean gingival bleeding after 6 
months of use, compared with 7% of the control group. 
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In the first 6 month period of the study the participants were 
requested not to use dental floss and to rely on toothbrushing 
with the dentifrices as the only means of plaque control. 
Although any differences observed during the 6 month 
experimental period could be attributable to differences in 
antiplaque efficacy of the dentifrices, the restricted use of 
dental floss could have been responsible to some extent, to 
the decline in gingival health of the users of the control 
dentifrice. The arguments for this are as follows. In 
Chapter 7 the results of the second six-month period of the 
same study are described in which the participants were 
allowed unrestricted use of dental floss. On completion of 
the second б-month period both plaque and mean percentage 
gingival bleeding scores of the control group were 
directionally but not significantly lower than at the end of 
the first period. The absence of any further deterioration in 
gingival health of this group probably reflected the increased 
use of floss. Of the 47 participants, 35 (72%) flossed 
occasionally or regularly to supplement toothbrushing. For 
participants who regularly flossed, significantly less plaque 
and gingival bleeding was observed. The benefit of regular 
flossing was considerable. Of the subgroup of users of the 
control dentifrice, 7% had less than 5% gingival bleeding on 
completion of the non-flossing period which increased to 50% 
of the group on resumption of regular flossing. Consequently, 
the gingival condition of this sub-group (n=13) compared 
favourably with the gingival condition of the whole group 
using the zinc/Tnclosan dentifrice. These findings suggest 
that whereas some participants of the control group might have 
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retained good oral hygiene and gingival health if flossing had 
been permitted throughout the first six months of the study, 
overall, the decline in gingival health and increased plaque 
for the group as a whole had been little changed. Therefore, 
the advantages of the zinc/Tnclosan dentifrice compared to 
the control were not exaggerated by the restricted use of 
floss. On the contrary, comparison of the interaction of 
flossing and dentifrice use showed that although the regular 
use of floss resulted in reduced gingival bleeding m the 
control group, no further improvement in gingival health 
occurred m the experimental group. The experimental group as 
a whole were able to maintain a healthy gingival status 
resulting from the use of the zinc/Tnclosan dentifrice. 
Toothbrushing is least effective in approximal areas and this 
is the reason why dental flossing is recommended to supplement 
toothbrushing. However, evidence in support of its use is 
conflicting and appears to be related to the initial gingival 
status. For participants who possess good toothbrushing 
skills and therefore relatively healthy gingivae, little 
advantages are gained in using floss (Bergenholz et al 1974, 
Bergenholz and Britton 1980). In contrast when oral hygiene 
is less satisfactory, regular flossing can be of benefit 
(Finkelstein and Grossman 1979, Lobene et al 1982). The data 
from the present study, albeit from a limited number of people 
support this view. The reason for this limitation most 
probably is the fact that ideal oral cleanliness in the 
average population is a rare exception rather than the rule. 
Under field conditions there are always 3 complicating and 
limiting factors. 
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1 there is a lack of continuing motivation to overcome 
impatience and to brush longer to achieve a better than 
routine toothbrushing efficacy, 
2 the manual dexterity of many people is limited to an extent 
that they will never master perfect cleaning techniques, be it 
brushing or flossing, 
3 subgingival margins of restorations, which are present in 
the mouth of virtually every adult, cause additional retention 
in the approximal areas, resulting in a more highly 
differentiated plaque flora, more inflammation and greater 
risk of periodontitis (Arneberg et al 1980). 
The ineffectiveness of oral hygiene in approximal areas and 
the corresponding higher percentage of gingival bleeding was 
evident in this study and it was of interest to observe the 
effect of the zmc/Tnclosan dentifrice m these sites. The 
data showed that optimal gingival health was achieved in these 
papillae during the professional care programme at the start 
of the study thus demonstrating the standard that can be 
achieved, even in this highly motivated group, with 
professional intervention. In the experimental group this 
standard was maintained throughout the entire 12 months 
whereas gingival health in these approximal areas deteriorated 
in the control group, except when floss was used on a regular 
basis of at least 3x weekly. This observation suggests that 
gingival health might be maintained equally by flossing or the 
use of the zmc/Tnclosan dentifrice However, the data 
indicate that flossing is effective only when it is done 
regularly, since occasional flossing had only a minimal 
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effect. Flossing is a difficult procedure to adopt for some 
people, for example only 30% of all participants in this study 
chose to floss regularly when permitted to do so. Benefits 
similar to those obtained by the regular use of floss might be 
obtained by the simpler and more convenient use of the 
zinc/Tnclosan dentifrice. This view is based on a limited 
number of observations and further investigations would be 
necessary to confirm the validity of these conclusions. 
However, the data from the studies do demonstrate that a 
dentifrice containing zinc citrate (1%) and Tnclosan (0.2%) 
can prevent the accumulation of plaque and prevent the 
development of gingivitis over a period in excess of that 
required by the American Dental Association Council on Dental 
Therapeutics. 
However, on reflection the selection of the all female medical 
students was, perhaps, contrary to the requirements for a 
representative study group. Highly motivated individuals 
capable of attaining such a good standard of gingival health 
are generally rare in the community and the nurses as a whole 
did not reflect the normal situation. To redress this a 
second study was undertaken. The extent to which the effect 
of the test dentifrice was dependent on the initial motivation 
and ability of the female participants to attain a high 
standard of oral hygiene during the pre-study period was 
investigated by Svatun et al (1989) using an all male study 
population. It was assumed that males, with a generally lower 
standard of oral hygiene would also be less motivated and be 
more representative of young adult populations. The same 
basic study design was used, although the influence of 
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flossing was not studied. The data confirmed that male 
participants were less motivated, as evidenced by reduced 
effectiveness of the oral hygiene instruction (65% compared to 
more than 80% that occurred with the nurses). However, the 
same stabilising effect on gingival health for the group using 
the zinc/Triclosan dentifrice was confirmed; in contrast, the 
control group again deteriorated towards the pre-study state. 
Confidence that the test dentifrice was responsible for the 
benefit observed in the test group came from assessments of 
some of the participants six months after the completion of 
the study. During this period all participants had returned 
to using their regular fluoride dentifrices. It was not 
possible to recall all the original participants for 
assessments because many of the students had completed their 
education and had moved away from Oslo. The mean gingival 
bleeding data obtained during the 7-month study, relating to 
those who were available for re-examination was comparable 
with the data from the complete groups. On this basis it was 
felt justified to consider the data for this sub-group was 
relevant to assess the post-study behaviour of the study 
participants. Gingival bleeding in both groups had returned 
to the levels before oral hygiene instruction. Since the 
participants did not expect to be re-examined, the data 
support the view that motivation will diminish if not 
reinforced. Moreover, the increased percentage gingival 
bleeding in participants who originally had used the test 
dentifrice, but had now ceased to use it, strongly supported 
the view that the difference between the test and control 
group was due to the experimental dentifrice. Thus two 12-
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month studies demonstrated that when zinc citrate and 
Triclosan dentifrice was used as part of a normal, 
unsupervised toothbrushing regime improved plaque control and 
gingival health could be achieved. Moreover, during both 
studies the monitoring of oral tissues failed to show any 
adverse side effects. 
However, further studies were undertaken to reduce the 
concentration of zinc citrate from 1% to 0.5%, consistent with 
the objectives of using low concentrations of additives whilst 
retaining an acceptable level of clinical benefit. Whereas at 
1% some metallic aftertaste was noted by some of the 
participants, extensive public use of dentifrices containing 
0.5% zinc citrate has established acceptability of the metal 
salt when used at this concentration. However, during the 
course of the project, greater understanding of the 
formulation technology required for the optimised delivery of 
the active agents had been developed. Improved delivery of 
zinc and Triclosan from the dentifrice enabled the 
concentration of both zinc and Triclosan to be reduced to 0.5% 
and 0.2% respectively whilst maintaining acceptable clinical 
activity. Animal studies by Muhlemann (1973) indicated that 
the effect of Triclosan could be enhanced when delivered in a 
lipophilic gel. Recent studies by Singh et al (1989), Palomo 
et al (1989) and Garcia-Godoy (1889) utilised this principle 
by incorporating the lipid soluble Triclosan in a copolymer of 
methoxyethylene and malic acid. Although only a modest 
antiplaque effect was demonstrated in short term studies (i.e 
model 2) confirming the data shown in Chapters 2 and 3. 
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Effects on gingivitis have been recorded in longer term 
brushing studies (Palomo et al 1989, Singh et al 1989) . 
The studies reported in Chapters 6 and 7 on the dentifrice 
containing zinc citrate and Triclosan at the higher levels 
were time consuming, required relatively large study 
populations and were thus expensive. A shorter, more effort 
effective model for establishing the potential gingival health 
benefits of dentifrices (Model 3) was developed and used to 
investigate the activity of a dentifrice containing 0.5% zinc 
citrate and 0.2% Triclosan. The experimental gingivitis model 
has been previously used to demonstrate chemotherapeutic 
effects of agents from solution (Loe and Schiott 1970, Bossman 
and Powell 1977, Wennstrom and Lindhe 1985, Segreto et al 
1986) . The agents investigated were later shown to have 
gingival health benefits in longer term studies in which both 
mouthrmsing and toothbrushing were combined. 
The data shown in Chapter 8 demonstrate that in the groups 
using the control dentifrice, plaque accumulation and 
gingivitis development were consistent with those obtained in 
other studies from rinsing with non-active mouthwashes. These 
findings suggest that the application of undiluted dentifrice, 
even when containing a relatively high concentration of 
anionic surfactant i.e 2.5% sodium lauryl sulphate (SLS) had 
neither effect on plaque accumulation nor produced a 
heightened inflammatory response in the gingiva beyond that 
induced by the plaque. Jenkins et al (1989) and Addy et al 
(1990) have suggested that SLS would depress plaque formation, 
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particularly at a concentration used in the dentifrice under 
investigation. The findings from the study would suggest that 
such effects, if any, are transient or, at best, of 
insignificant magnitude over longer periods of exposure to the 
surfactant. 
Reduced amounts of plaque and lower levels of gingivitis were 
observed in the group using the zinc citrate and Tnclosan 
dentifrice, confirming that the combination of agents in a 
dentifrice could maintain gingival health. The reduced plaque 
accumulation was, in part, evidenced by the reduction in 
visible plaque ( P1I scores 2 and 3 ). Geddes et al (1983) 
demonstrated that such plaque scores were associated with 
plaque thickness greater than 250 ¿un. Thus, a lower 
proportion of such scores could indicate the presence of 
thinner plaque, and possibly an influence on the microbial 
ecology of the plaque. The investigations by Theilade et al 
(1965), Moore (1982) and Theilade and Theilade (1985) showed 
that the microbial complexity of undisturbed plaque increased 
with time. Plaque thickness would similarly increase over the 
same period of time. 
Possible changes in the plaque ecology during developing 
gingivitis were studied in Chapter 9. Plaque samples from 
buccal surfaces were collected by alginate swabs at baseline 
and 21 day assessments. The clinical observations support 
those m Chapter 8, the groups using the dentifrice containing 
zinc citrate and Tnclosan had significantly reduced 
accumulation of plaque and development of gingivitis At 
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both baseline and day 21 the plaque from the buccal surfaces 
was dominated by streptococci and actinomyces. Although the 
frequency of isolation of these genera in the control group 
remained similar to the plaque at baseline, the proportion of 
anaerobic organisms increased in both groups over the 21 day 
non brushing period. Moore et al (1982,1983) suggested that 
the relationship between numbers of anaerobic and aerobic 
organisms is an important characteristic of plaque 
pathogenicity. The findings in this study of an increased 
ratio (1.3 to 6.1) of anaerobic : aerobic organisms was 
consistent with plaque associated with gingivitis In 
contrast, plaque from the teeth of the users of the test 
dentifrice retained a lower anaerobic.aerobic ratio and was 
considered to be a less mature plaque than plaque from the 
control Therefore, the observations in both 21-day studies 
are in keeping with the suggestion that the thinner plaque 
found in the group using the test dentifrice has a microbial 
environment which is less anaerobic and, thus, has a reduced 
pathogenic potential. 
The demonstration of reduced development of gingivitis 
following 21 days of non-brushing, together with data 
establishing that the dentifrice would have a high degree of 
user acceptability, justified establishing the efficacy in a 
group of participants representative of the adult dentate 
population. In Chapter 10, the unsupervised brushing with a 
dentifrice containing 0.5% zinc citrate/0.2% Triclosan on 
plaque control, maintenance of gingival health and prevention 
of calculus formation was assessed over a period of б months. 
The same clinical trial design that was used in studies 
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described in Chapters 6 and 7 was used since the protocol 
adhered to the ADA guidelines for the conduct of such studies. 
Moreover, in accordance with the ADA recommendations, the 
microbial ecology of the plaque was investigated using methods 
recommended by the ADA. 
A larger study population, compared to the investigations 
outlined in Chapter 6 was used since the age range was much 
wider (16-49 years), the initial oral hygiene and clinical 
status was assumed to be worse and compliance to be weaker, 
resulting in a greater rate of attrition during the study. 
Although comparing data from different studies can result in 
false interpretations, it can be seen that m this study group 
as a whole, compared to the younger students from Norway, 
achieved a lower standard of gingival health following 
toothbrushing instruction presumably as a result of lower 
motivation, lower dexterity or by starting with more severe 
gingivitis, would require a longer time to achieve a similar 
status. This suggestion is supported by the 34% loss of 
participants during the study, none of which was because of 
the dentifrices being used. 25% loss of participants occurred 
on the assessment following the toothbrushing instruction 
phase. Approximately half of these subjects failed to attend 
the assessment, the remainder were rejected on grounds of 
inadequate compliance to improve their gingival status. 
During the following six months the mean percentage of 
gingival bleeding increased in the group using the control 
dentifrice, confirming that without reinforcement individuals 
gradually fail to retain good oral hygiene procedures. As 
expected, group using the test dentifrice maintained their 
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gingival status throughout the six months almost at the level 
of gingival health achieved by the improved toothbrushing 
skills following instruction. At the completion of the six 
months of unsupervised brushing the mean percentage of 
gingival bleeding in the test group was 50% lower than that of 
the control group, suggesting that moderately motivated people 
could also benefit from the zinc citrate/ Tnclosan 
dentifrice. 
The data have been analysed further (G^ermo and Saxton 1991) 
to assess whether the benefit was confined to the participants 
with relatively better-than-average plaque control or whether 
individuals with less adequate brushing skills would also 
benefit. Both sub-groups formed using the pre-study data. 
Both sub-groups significantly improved gingival status 
following the oral hygiene instruction and in both subgroups, 
the users of the control dentifrice deteriorated over the 
following six month period, whereas the users of the zinc 
citrate/Tnclosan dentifrice maintained the improved gingival 
health. These observations suggested that the benefits of the 
test dentifrice were not dependent on initial gingival 
condition as people with moderate/severe gingivitis, defined 
as >40% gingival bleeding units, would have benefited from its 
use. 
In further attempts to estimate the clinical validity of the 
results, the data have, in addition to the analysis described 
above, been examined to assess the effects on different sites 
of the dentition (Gjermo and Saxton 1991). At the start of 
the study most plaque and gingivitis were associated with the 
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molar teeth and lingual surfaces compared to the condition of 
the anterior teeth and buccal surfaces. During the 1-month 
period following oral hygiene instruction, all the dentition 
and surfaces, in particular molar teeth and lingual surfaces, 
had a considerably improved status. The decline in 
performance of toothbrushing in the control group resulted in 
reinstatement of relatively greater accumulations of plaque 
and gingivitis on and around the molar teeth and approximal 
and lingual surfaces, compared with anterior teeth and buccal 
surfaces respectively. The data for the control group at the 
completion of the study exhibited a similar pattern to the 
pre-study data in this respect. In contrast, gingival 
bleeding from these difficult to mechanically clean sites was 
significantly lower in the test group. This observation 
suggested that the active agents, zinc citrate and Tnclosan, 
are delivered to areas of the dentition which are normally 
difficult to clean and thus they have a stabilising effect on 
gingival health in these regions. 
Although the zinc citrate/Triclosan dentifrice has been shown 
to be clinically effective against plaque and gingivitis, care 
has to be taken to ensure that it does not induce undesirable 
changes in the microbial ecology of the plaque. The resident 
plaque microflora together with host defence mechanisms, 
prevents colonisation and invasion of opportunist pathogens 
(Marsh 1989) Suppression of organisms associated with health 
rather than disease (Marsh 1991) or general suppression of the 
oral flora could favour such colonisation, to the detriment of 
the host. During the seven -month study samples of plaque 
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were monitored for total aerobes, anaerobes»as well as 
streptococci, lactobacilli, veillonella and actinomyces. No 
significant shift in the ecological balance was observed 
either in respect to time or dentifrice use. These results 
support the findings of Jones et al (1988) from a six month 
study of participants using a similar dentifrice. Such 
evidence suggests that the antiplaque effect of the dentifrice 
is based on a broad spectrum approach to the suppression of 
the plaque microbiota and not selective against certain 
species. This is in contrast to some of the other antiplaque 
agents which have been demonstrated to be clinically 
effective. Emilson and Fornell (1976), Bnner et al (1986) 
showed that the number of mutans streptococci were reduced 
when brushing with Chlorhexidine. The same species were also 
reduced by rinses with stannous fluoride (Klock et al 1985) . 
Several studies have shown that the prolonged use of 
antimicrobial agents can alter the bacterial resistance or 
tolerance to the agent (Schiott et al 1976, Emilson et al 
1976, Emilson and Farnell 1976). In the two long term studies 
of the zinc citrate/Tnclosan system, no evidence of the 
development of resistance to Tnclosan was detected. 
These long-term studies have shown that plaque inhibition by 
the zinc/Tnclosan system is achieved without adversely 
changing the oral microbial ecology. 
139 

SUMMARY 
The aim of the research was to investigate the potential of 
antiplaque agents delivered from a dentifrice to assist in the 
control of dental plaque, to the extent that was beneficial to 
gingival health. It was not intended that plaque should be totally 
eliminated, but be controlled at levels consistent with maintaining 
an acceptable level of periodontal health. Review of the dental 
literature has shown that gingivitis is widespread amongst most 
societies, so indicating that present standards of plaque control 
are generally inadequate to achieve an acceptable level of 
periodontal health. Attempts to sustain improved oral hygiene most 
often fail because of the gradual diminishing dedication and 
motivation of the individual to practice a regime which requires 
greater personal effort. Toothbrushing and various oral hygiene 
aids, such as the use of dental floss and dentifrices can, if 
undertaken diligently, contribute significantly to an improved 
gingival condition, but many studies have indicated that brushing 
times and frequency are inadequate and that flossing is a difficult 
procedure to master. 
The use of chemical agents to assist in plaque control has been 
widely advocated and the literature referring to such agents, in the 
widely used oral hygiene aid-the dentifrice, has been reviewed in 
respect to effectiveness of such products. The dentifrice, per se, 
in the absence of specific antiplaque agents has limited effect on 
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plaque. Dentifrices containing various specific agents, such as 
plant extracts and metal salts, have modest antiplaque activity and 
doubtful gingival benefits. The bisguanidine, Chlorhexidine, which 
is very effective in mouthrinses has achieved limited success when 
added to dentifrices due to interactions with toothpaste excipients. 
Toothstaining and poor taste are also the negative properties of 
this type of dentifrice. The review concluded that, at the 
beginning of the research, none of the antiplaque dentifrices were 
as effective at controlling plaque and gingivitis as the same 
antiplaque agents delivered in solutions. 
In the research presented, the potential of a combination of two 
antiplaque agents, in a dentifrice, to control plaque and gingivitis 
has been investigated. Advantages of this approach include the use 
of low concentrations of the agents to take advantage of possible 
synergistic antiplaque interactions of the agents, whilst reducing 
risks in respect to safety and adverse effects. The two agents 
were; a metal salt, zinc citrate and a phenolic antimicrobial agent, 
Triclosan. 
To undertake the clinical research programme necessary to establish 
the efficacy of the system under investigation, a sequence of 
clinical models was used, each providing confidence in the approach 
prior to proceeding to more complex and rigorous studies. Modest 
antiplaque activity for the zinc salt alone was demonstrated in 
chapter 2. In addition, it was show that rapid plaque formers 
received particular benefit and that the action of the zinc was 
probably to inhibit bacterial proliferation rather than microbial 
colonisation of the tooth surface. Studies of Triclosan alone 
(chapter 3) showed that the antimicrobial agent alone also had 
modest antiplaque activity. In contrast, when both agents were 
present the combination was considerably more effective in 
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inhibiting plaque growth. Moreover, complementary modes of action 
of Triclosan and zinc was indicated from detailed analysis of the 
data. Further plaque studies in chapters 4 and 5 confirmed the 
considerably greater effect of the combination of zinc and Triclosan 
compared to either of the agents used separately and provided 
confidence to investigate effects on gingival status. A 4-week 
crossover, double blind study demonstrated that the zinc/Triclosan 
dentifrice reduced gingivitis, as defined by a reduction in gingival 
bleeding, by 27%. The initial gingival condition was considered to 
be 'mildly' inflamed and analysis of the data suggested that 
participants with more severe gingivitis might have received greater 
benefits. The study protocol was repeated (chapter 5) using a study 
group with more severe baseline levels of gingivitis. Reduced 
gingivitis in the group using the test dentifrice, compared to the 
control group was confirmed. The data also indicated a positive 
correlation between the amount of dentifrice used and the clinical 
benefit received. The two pilot studies confirmed that the 
combination of zinc and Triclosan not only reduced plaque 
accumulation but, in the short-term at least, had a gingival health 
benefit. 
The long-term effect of a zinc and Triclosan dentifrice was explored 
over a 12-month period using a clinical trial protocol conforming to 
guidelines outlined by the American Dental Association. A double-
blind, parallel clinical trial comparing either a dentifrice 
containing 1% zinc citrate and 0.2% Triclosan or a placebo was 
undertaken. The study group was composed of 100 student nurses who, 
because they were health conscious, were thought capable of good 
compliance over the 12-month period. After a pre-study period with 
prophylaxis and oral hygiene instruction, plaque and gingivitis 
scores approached a satisfactory standard. 6-months later (chapter 
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б) 93% of the test group but only 40% of the placebo group still 
possessed this degree of oral health. During these 6-months no 
other oral hygiene aids such as flossing were not permitted, but 
flossing was allowed over a second 6-month period. The 1-year 
results (chapter 7) showed essentially no change in the gingival 
status from the б-month values in the test group, nor for the non-
floss users of the control group. However, gingival bleeding of 
those in the placebo group who regularly flossed, approached that of 
the gingival condition of the experimental group. This observation 
suggested that the test dentifrice compensates, to some extent, for 
inadequate interdental toothcleaning. During the 12-month use of 
the dentifrice no adverse reactions were observed. Participants 
comments regarding slight metal astringency prompted investigations 
to reduce the concentration of the zinc salt whilst maintaining 
clinical efficacy. 
Short-term studies to investigate the effect of zinc concentration 
on preventing the development of gingivitis were undertaken using a 
partial mouth, 21-day experimental model. Custom made toothshields 
prevented toothbrushing of the experimental teeth and were used to 
apply undiluted dentifrice to these teeth. Such studies 
demonstrated that with the appropriate formulation the zinc 
concentration could be reduced to 0.5% without loss of anti-
gingivitis activity. Moreover, the same model was used to 
demonstrate that the combination of 0.5% zinc citrate and 0.2% 
Triclosan had considerable activity in retarding the development of 
gingivitis (chapter 8). In other studies the test dentifrice was 
significantly more effective than dentifrices containing only 
Triclosan as the antiplaque agent. Thus, the data from the 
experimental gingivitis model predicted that positive anti-
gingivitis benefits m long-term studies could be expected. This 
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prediction was confirmed in a 7-month study in which the 
zinc/Triclosan dentifrice or placebo was tested by over 150 subjects 
who were, in respect to age, gender and gingival condition, 
representative of an adult dentate population in the U.K. In this 
study gingival health significantly inproved as a result of oral 
hygiene instruction during the 1-month pre-study period. During the 
following 6-months this improvement was not maintained by the 
placebo group, as gingival bleeding and calculus increased. In 
contrast, gingivitis in the test group over the same period was 
significantly lower. Further analysis of the data was undertaken 
(Gjermo and Saxton 1991) to establish the clinical relevance of the 
benefit observed. This analysis showed that entry levels of 
gingivitis did not determine the benefits perceived, suggesting that 
even participants with severe gingivitis would benefit from the 
dentifrice containing zinc and Tnclosan. Clinical relevance was 
also expressed as a realistic achievable oral health goal. A 
maximum of 10% gingival bleeding was considered to be such a goal. 
45% of the test group had achieved this goal after б-months, whereas 
only 10% of the control group had this health status. 
The effect of the zinc/Triclosan system on plague ecology for both 
the short- and long-term exposure was investigated. No indications 
of gross imbalance of the plague microflora was observed. In an 
experimental gingivitis model study (Chapter 9) the proportion of 
anaerobic organisms increased m the control group, supporting the 
view of successional changes during plague maturation. The 
development of a complex plague did not occur in the test group, 
which retained the features of 'young' plague. In the long-term 
brushing study no significant shift in the ecological balance 
occurred during 6-months use of either the test or control 
dentifrice. None of the participants in the test group developed 
detectable levels of Tnclosan resistance. 
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The research undertaken during this series of trials has established 
that a zinc salt and Tnclosan are compatible in a dentifrice; one 
of the most common aids used in oral hygiene regimes. Complementary 
modes of action enable the additive antiplaque activity of these 
agents to achieve levels of efficacy which can maintain gingival 
health. The absence of side effects from the double agent system 
and the degree of clinical benefits observed, support the view that 
the use of such a carefully composed mixture of antiplaque agents is 
a promising approach to improving oral health. 
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SAMENVATTING 
Gingivitis is in de meeste populaties een aandoening met een hoge 
prevalentie. De oorzaak ie de aanwezigheid van tandplague, die 
gedurende langere tijd onvoldoende werd verwijderd. 
Dit wijst erop dat de huidige manier van plaguebestrijding in zijn 
algemeenheid niet voldoende is een acceptabele gezondheidstoestand 
van het parodentium te waarborgen. Pogingen van de tandarts om een 
verbeterde mondverzorging te bereiken mislukken veelal binnen 
enkele weken na instructie vanwege de geleidelijke afname van de 
motivatie en toewijding van het individu om voorschriften op te 
volgen die een tamelijk grote persoonlijke inspanning vergen. 
Tandenpoetsen en verschillende andere hygiënische hulpmiddelen 
zoals het gebruik van tandzijde en tandpasta kunnen, mits 
consciëntieus toegepast, aanzienlijk bijdragen tot een betere 
conditie van het tandvlees. Echter, uit huidige onderzoeken blijkt 
dat de tijdsduur en frequentie van het tandenpoetsen niet 
toereikend zijn, terwijl de moeilijke techniek van het flössen een 
laag rendement heeft. 
Het gebruik van chemische agentia om plaguebestrijding te 
ondersteunen wordt sinds jaren onderzocht en in bepaalde vormen 
aanbevolen. Literatuurgegevens over het effect van tandpasta laten 
zien dat tandpasta op zich, zonder specifieke antiplague agentia, 
slechts een geringe antiplague activiteit vertoont. Tandpasta's met 
verschillende specifieke agentia, zoals plantextracten en 
metaalzouten vertonen een milde antiplague activiteit maar over de 
voordelen voor het tandvlees zijn de gegevens tegenstrijdig. 
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Het goed onderzochte bisguanide chloorhexidine, zeer effectief in 
mondspoelvloeistoffen, verliest, toegevoegd aan tandpasta, een deel 
van zijn antlplaquewerking als gevolg van interacties met vele van 
de tandpasta-ingrediënten. Tevens behoren verkleuring van de tanden 
en een vieze smaak tot de nadelen van dit type tandpasta. 
Uit het overzicht van de literatuur tot op het tijdstip van begin 
van het onderhavige onderzoek kan geconcludeerd worden dat 
antibacteriële stoffen toegepast in tandpasta's niet zo affectief 
waren in de bestrijding van tandplague en gingivitis als dezelfde 
agentia die in opgeloste vorm werden toegepast. 
In het hier gepresenteerde onderzoek is nagegaan in hoeverre een 
combinatie van meerdere antibacteriële componenten in tandpasta het 
vermogen heeft om plaque en de daardoor veroorzaakte ontsteking te 
bestrijden. Het onderzoek was ondermeer gericht op het gebruik van 
deze stoffen in lage concentraties door te zoeken naar 
synergistische interacties van deze stoffen om zo ook de kans op 
bijwerkingen te minimaliseren. De twee klinisch onderzochte agentia 
zijn: het metaalzout zinkcitraat en een antimicrobiëel agens op 
fenolbasis, Triclosan. 
Het klinisch onderzoeksprogramma om de werkzaamheid van deze 
combinatie te onderzoeken bestond uit opeenvolgende toepassing van 
een reeks klinische modellen, van korte pilot-studies tot 
uitgebreid onderzoek over maanden. De bescheiden antiplaque 
activiteit van zinkcitraat alleen is beschreven in hoofdstuk 2. 
Proefpersonen met een snelle aanwas van tandplaque lijken het 
meeste voordeel van deze werking te ondervinden. Dit leidt tot de 
veronderstelling dat zink waarschijnlijk de bacteriegroei remt, 
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meer dan dat het de kolonisatie van het tandoppervlak door 
microorganismen verhindert. 
Triclosan vertoonde in tandpasta, in afwezigheid van zink, eveneens 
een matige remming van de plagueontwikkeling. Echter, wanneer 
Triclosan en zinkcitraat beide aanwezig zijn, bleek hun combinatie 
aanzienlijk effectiever in het remmen van plaguegroei dan elk van 
de stoffen afzonderlijk. De complementaire werking van Triclosan 
en zink blijkt uit gedetailleerde analyse van de onderzoekgegevens 
(hoofdstuk 3). Verder plagueonderzoek (hoofdstukken 4 en 5) 
bevestigde het synergisme tussen zink en Triclosan. Ook zijn er 
aanwijzingen dat de antiplaguewerking voldoende groot is om de 
conditie van het tandvlees te verbeteren. 
De resultaten van een vier weken durend crossover, dubbelblind 
onderzoek tonen aan dat zink/Triclosan tandpasta aanleiding geeft 
tot een reductie van gingivale bloedingen met 27%. De conditie van 
het tandvlees bij het begin van het experiment was beoordeeld als 
'licht' ontstoken en analyse van de gegevens geeft reden te 
veronderstellen dat proefpersonen met een wat ernstiger vorm van 
gingivitis meer baat hebben bij deze zink/Triclosan tandpasta. 
Het onderzoek werd herhaald (hoofdstuk 5) met duidelijker 
omschreven criteria voor het baseline niveau van de conditie van 
het parodentium. De groep die de zink/Triclosan tandpasta 
gebruikte, vertoonde een reductie van tandvleesontsteking ten 
opzichte van de controlegroep. De resultaten geven ook een 
positieve correlatie aan tussen de hoeveelheid gebruikte tandpasta 
en het klinisch bereikte voordeel. De twee pilot-studies bevestigen 
dat de combinatie van zink en Triclosan niet alleen de 
plaqueaccumulatie reduceert, maar ook, tenminste in de korte-
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termijn studie, een gunstig effect heeft op de toestand van de 
gingiva. 
Het effect op lange termijn van een zink/Triclosan tandpasta werd 
onderzocht over een periode van 12 maanden, gebruikmakend van een 
klinisch onderzoeksprotocol conform de richtlijnen zoals opgesteld 
door de Council on Dental Therapeutics van de American Dental 
Association (hoofdstuk 6) . Het dubbelblind, parallel, klinisch 
onderzoek met een zink(l%) /Triclosan(0.2%) tandpasta en een placebo 
werd uitgevoerd met behulp van meer dan 100 vrijwilligers. De groep 
proefpersonen was samengesteld uit leerlingverpleegsters die, 
gezien hun besef van gezondheid, in staat geacht worden tot een 
getrouwe uitvoering van de richtlijnen gedurende de periode van het 
onderzoek. Voorafgaand aan het onderzoek werd door middel van 
professionele reiniging en instructie van mondhygiëne een zeer laag 
niveau van plaque- en gingivitisscore bereikt. Zes maanden later 
vertoonde nog 93% van de testgroep maar slechts 40% van de 
placebogroep deze hoge mate van orale gezondheid. Tijdens deze 
eerste periode van zes maanden waren behalve tandenborstel en 
tandpasta geen andere mondhygiënische hulpmiddelen, zoals flössen 
met tandzijde, toegestaan; flössen was wel toegestaan in de tweede 
periode van zes maanden. In de testgroep verschilde de 
gezondheidstoestand van het tandvlees na 12 maanden niet wezenlijk 
van de goede toestand, die na 6 maanden werd aangetroffen. In de 
placebogroep, bij de proefpersonen die niet met tandzijde 
schoonmaakten, was ook geen verschil te zien tussen de toestand na 
6 en 12 maanden, terwijl bij het deel van de placebogroep dat 
regelmatig floste de conditie van het tandvlees na 12 maanden die 
van de experimentele groep benaderde. Deze waarnemingen suggereren 
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dat de tandpasta met zink/Triclosan tot op zekere hoogte 
compensatie kan bieden voor onvoldoende interdentale reiniging. 
Gedurende de hele experimentele periode werden geen bijwerkingen 
van de zink/Triclosan tandpasta waargenomen. Opmerkingen van 
proefpersonen over een licht adstringerend effect op de 
slijmvliezen was aanleiding om de concentratie van het zinkzout in 
de test-tandpasta te verlagen. 
Het effect van de zinkconcentratie op de ontwikkeling van 
gingivitis is onderzocht in een kortdurend experimenteel model 
waarbij een gedeelte van de mond als experimentele eenheid werd 
gebruikt. Een op maat gemaakt tandschild moest voorkomen dat de 
geselecteerde tanden mechanisch gereinigd werden; het schild werd 
bovendien gebruikt om deze tanden volgens een bepaald schema met 
onverdunde tandpasta te behandelen. De resultaten tonen aan dat de 
zinkconcentratie verlaagd kan worden tot 0.5% zonder verlies van 
effectiviteit tegen gingivitis 
Hetzelfde model werd ook gebruikt om aan te tonen dat de combinatie 
van 0.5% zinkcitraat en 0.2% Triclosan een aanzienlijk remmend 
effect heeft op de ontwikkeling van gingivitis (hoofdstuk 8). Uit 
andere gegevens blijkt dat de tandpasta met zowel zink als 
Triclosan significant meer effect heeft dan tandpasta die alleen 
Triclosan als antiplague agens bevat. 
De resultaten van het experimentele gingivitis model suggereren dus 
dat tandpasta met zink/Triclosan, gedurende langere tijd toegepast, 
aanleiding kan geven tot een duidelijke verbetering van de 
parodontale toestand. De resultaten van een 7 maanden durend 
onderzoek waarin de zink/Triclosan tandpasta naast een placebo 
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tandpasta is getest bevestigden dit. Aan het onderzoek namen meer 
dan 150 personen deel. Er werd ernaar gestreefd, even veel 
mannelijke als vrouwelijke proefpersonen te selecteren, en ook een 
spreiding van leeftijden en condities van het parodontium te 
bereiken die overeenkwamen met de realiteit in het U.K. Bij dit 
onderzoek werd hetzelfde protocol gebruikt als bij het onderzoek 
beschreven in hoofdstuk 6. De gingivale gezondheid werd significant 
verbeterd met behulp van mond-hygiënische instructies gedurende de 
periode van 1 maand voorafgaande aan het onderzoek. Deze 
verbetering bleef in de daarop volgende zes maanden niet 
gehandhaafd in de placebo groep: tandvleesbloeding en tandsteen 
namen toe. De testgroep vertoonde over dezelfde periode significant 
lagere gingivitis- en tandsteenscores dan de placebogroep. 
De klinische betekenis van deze waarnemingen werd nader 
geanalyseerd (Gjermo en Saxton 1991). Hieruit bleek dat de 
gingivitis score bij de start van het experiment niet correleert 
met de waargenomen verbeteringen wat suggereert dat zelfs 
proefpersonen met ernstige tandvleesontsteking baat zullen hebben 
bij het gebruik van tandpasta die zink en Triclosan bevat. 
Klinische relevantie kan ook worden uitgedrukt als het in de 
praktijk te bereiken doel op het gebied van de mondgezondheid. Een 
maximum van 10% plaatsen met gingivale bloeding kan als zo'η doel 
worden beschouwd. Na zes maanden werd dit doel bereikt voor 45% van 
de individuen in de testgroep, en voor slechts 10% van de 
individuen in de controle groep. 
Naast het klinisch effect werd ook het effect van het 
zink/Triclosan systeem op de plaque-ecologie bepaald voor zowel de 
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korte- als lange-termijn experimenten. Er zijn geen aanwijzingen 
gevonden voor een verstoring van het evenwicht in de plaque 
microflora. In het gingivitis experiment (hoofdstuk 9) nam het 
percentage anaërobe microorganismen toe in de controle groep wat 
in overeenstemming is met de eerder gevonden differentiatie van de 
microflora tijdens de ontwikkeling van tandplague. Het ontstaan van 
een dergelijke complexe tandplague bleef in de testgroep 
achterwege; de tandplague in deze groep behield de kenmerken van 
"jonge" plaque. Ook in de 6 maanden studie traden in de tandplague 
van test- en controlegroep geen significante verschuiving op in het 
ecologisch evenwicht. In geen van de proefpersonen in de testgroep 
ontwikkelde de microflora aantoonbare resistentie tegen Triclosan. 
De hier beschreven onderzoekresultaten laten zien dat zinkcitraat 
en Triclosan met succes combineerbaar zijn in een van de meest 
algemene hulpmiddelen van de mondhygiëne, nl. tandpasta. De 
complementaire en additieve werking van zink en Triclosan leidt tot 
zodanig hoge antiplague activiteit dat tandpasta met deze stoffen 
de gezondheidsstatus van de gingiva kan stabiliseren. 
De afwezigheid van bijwerkingen van dit dubbel agens-systeem en de 
grootte van de waargenomen, gunstige klinische effecten, 
ondersteunen de visie dat het gebruik van een zorgvuldig gekozen 
mengsel van antibacteriële stoffen een veelbelovende benadering is 
ter verbetering van de mondgezondheid. Een belangrijk punt hierbij 
is dat goede mondgezondheid ook bereikt kan worden bij patiënten, 
die ondanks goede instructie er niet in slagen, de handvaardigheid 
te verwerven die nodig is voor perfekte traditionele, d.w.z. 
mechanische reiniging. 
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